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The US Army Missile Command (MICOM) has developed an inhousé
capability to design, optimize, and analyze the image from complex
optical systems. A lens design program which was written for the
National Aeronautics and Space Administration (NASA) was used as the
basic design program and modifications were performed on it to make
it cbmpatible with the SC 4020 digital computer plotter routines.

B e T o D R ol L a e TS ek PR o 1o DA

The end product of this program is a compilation of ray coordinates
and direction cosines on thé final optical surface. These parameters
are punchad out on data carus and used as 1n _input to a program which
was developed inhouse to do a complete analysis of the image. The
anzlysis includes:

TR s e S RN eSO S e AT T

T

1) Plets of the spot diagram and ray path projections on
> two planes perpendicular to the image plane.

«

2) Plots of the modul:-tion transfer function of- the system
de ived from the spot diagram.

3) Plots of the image energy distribntion derived by
secanning an aperture across the spot diagram.

.o Several -advantages are realized by performing the design/raytrace
operation separately i.um the image analysis operacion instead of
incorvorating the Image Analysis Program into FOLDP as a subroutine to.
be run concurrently:

AR I MR o e AR ODI AN INAY 0500 2 A TSI -

1) Tha rays from several runs can be put together to form

a composite spot diagram. <This is especially helpful in the case of

- multiple colors or segmented optical elements. If a system is zay-
traced for a segmented lens over a wide spectral region, then the
compesite spot diagram must be defined by one run fo» each combination
of color and lens segment. The outputs for all of tae cases can be
combined by the Image Analysis Program to fcim a spct-diagram repre-
senting the total svstem performance,
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2) The control parcmeters required by t'ie Image Analysis
Program can be chosen to yield the most meaningful anslvsis of the
final spot diagrvam. Parameters such as modulatior frequency limits
and aperture scan step size can bes: be determine . by knowledge of the
spot diagram., This is avallalbie as the end prodv:t of FOLDP and can
be uted to choose the input parametexs for the Ir.age Analysis Program.

L4l

. 3) . The image plene may bhe moved to ve:ious positions relative
to the finzl optical clement without the necessity of a rerun of the
design/raytrace operxution,

v
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First, the modifications made to

the Fortran Optical Lens Design
Q Program (FOLDP) are described, and then the Image Analysis Program is
described. An example case run is included tc demonstrate .o capa-
. bility of the lens. design program and to show the additional information
' - that is gained by Processing the spot diagram through the Image Analysis
Program.
A complete Fortran listing of the Image Analysis Program is S
included as Appendix A. A brief outline of the rzquired input cards
for the Image Analysis Program is included as Appendix B to give the
user who 1s familiar with the program a quick reference when preparing
a case run. )
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FORTRAN OPTICAL LENS DESIGN PROGRAM (FOLDP)

- eI SIS VAR
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fhe FOLDFl routincs were written for an IBM 7094 machine and have
been adapted to run on MICOM's CDC %600. It was necessary to modify the
lens profiie ploL routines to make them compatible with the SC 4020
plotter which is available td be used in cenjunction with the CDC 6600,
These routines produce a scaled drawing of the optical system on the
SC 4020. An addition to the program was requirad to extract the ray-
trace data in the correct sequence of the execution to provide inputs
for the image analysis coftware. The modifications anl plot routines
will not be shown here because the program is extensive (7000 cards) and
the modifications would not be applicable tc another computer or to the
5 same computer with a different plotter. However, the output deck for
24 “this program is listed and discussed since almost any general raytrace
3 prograr. can be modified to yield an identical output, and this deck
3 serves as the input to the Image Analysis Program which can be adapted
¥ in part or in its entirety to other machines and plotters with a2 minimum
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"y A.  QOutput Deck
;? The output deck cousists of the following:
t- ,
[ 1) A card containing an integer quantity (N) equal to the
7 number of rays on the final output surface. Format (I10).
3
%: 2) A series of N cards each containing the X,Y,Z coordinates
£ of the raysion the final surface and the direction cosines QX%,QY,QZ of
= the rays.. Format (6E13.7).
33 Some other data cards must be added to this deck before it com-
f prisas the complete input for ihe image analysis routines,
3 )
B The couvxdinate reference Y
_g system convention employed for A
3 these programs is shown in
i Figure 1, The Z-axis is the
optical awis.
R X
Figure 1. Coordinate
reference system. e 7
(0,0, 0) -

TFOLDP - Fortrn Upticai Lens Design Program. asailable from COSMIC. Barrow Hall,
University of Georgia. Athens. Georgia 30601 ($14-342-3205) 1 October 1968.
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A ray is depicted in'?igurp 2 as it appears in the Y,Z plane for
an arbitrary-final optical surface.

N
(X,Y,2,0X,0Y,02)
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Figure 2, Ray on final surface.
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B. Capability X ‘

The FOLDP measures the performance of an grbitrary optical system i
by a merit function which is egsentially the sum of the squares of a
set of weighted .aberrations. Designing is a least squares process for
iteratively teducing the.magnitude of the merit function by lineerly ,
adjusting system parameters, FOLDP can handle systems containing up ;

tc 100 surfaces (inciuding aspherics), 7 objcct points, 6 colors, and
200 rays.

C. Example Case

A Cooke triplet lens syscem was selected for the example case.
' Figure 3 shows the system before the optimization is performed.
Figure &4 shows the SC 4020 representation of the system after the
design iterations have been completed.

Figure 3. Cooke triplet before design (off-axis object).

8

LN [ B T 2% LROGFi R AW R ETA & Pl
T . o _‘-W"é’k‘%ig‘_v_‘f i o a7 A I P, Pk 0 T S
. L o B e o B R =X




v am R s s

R R L e LIS IR V0

M

s e PR AT T MORTENRVT

Figure &, Cooke triplet afier design .(off-axis -object).

The output deck which is pumched by FOLDP is listed in Table 1. and the

spot diagrams which represent the intersection of these rays with the

image ‘plane are reproduced in Fijgures 5 and 6. These didgrams are

produced-on the line printer by FOLDE. Figkre 7 is simply a representa-

tion of the ray pattern on the emntrance pupil. The design was performedp ;
for two object positiong simul;aneo&sly* one was on~-axis; the other . . :
waloﬁﬁum.TMsmwmspwrwdumnmatmiMmﬁdﬁdd ’
6f view of the leds system. The raytrafe data weré punched by FOLDP for :
both cbject p0°1tions, e¢c the Image Analysis Program'will analyze two :
separate -cases
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TARLE 1.

Y

76
+1522808E+U0~41369627E201~,1876969£ «00~,3979185E~82
‘e 1521BUBE*N0~0135%627E+01~.1870769E+00 9579185602
+1513267E+00-,1059287E¢01.1123300E+00-.99933536~02
~e1513267E4U0~,105928TE+01 -, 1123314E400 ,9993353€-02
«1507208C 00, 7536039E+00~,5763626E-31-.9993003E~02
~o1507208E+00~47536039E+00-.5763626E-01 .9993003€~02
2150331 8E400-.6509955E +08=,Z) 9770SE~0) ~, 098ESQLE~E2 |
~e1503318E+00=,450955E+00+,21$77V5E-01 .9°9°5°lE‘02
o15014616E200+01591416E+00~.4376601E~02~,9965129E~02
~e1501616E¢00-,1501416€400-,4376801E-02 ,998S)129E~H2

+15083318E+09 <450995SE+00~,2)97705E-01~,9988501E~U2 ¢

.6=580665000-.12154)95’01-.16629335.00-.2995‘285-01
~e4558046E+00~,1215679E401~,1662033E300 52995528€~01
+#535943E400~,9071886E+00-.1C08127E4+00~,299%193E<01
«e 4535543400, 90718K6E+00~,1008127£400" S29968193E=01

2 45208B4E 00~ 6U2TBLSE+00~,5538921E~01 -4 2997344E~01

~ o 45208B%E 00+, 6027845E200-.55389Z1E-0) L2997844E-01

_ -ehB32115E400~.2008078E+00~.2861606E-01-42996874E-8)
-<4512116E+00~.3008078E+00~.2561606E~G1 ,2996874E~0)
~45092327E+030,
"04509237:‘0000

~.4512116E200 .300F GTRE+00=,2861604E-01 (2996876E-2~

«7598099E200=01063TI6E 001~ 1685737 »00~,49922585 -1

s 759B099E+U0=10637ME+01~, 1 6BSTI7C 00 #9%2258E~01

- JT566333E400~,7566333E+00~,11233145 +30~,499667TE-01
T esT556333E400=375663226400~.1123314E000 L4396677E~61
*T5653B2E ¢ 007 AS27SBYE+00~,7S76298E-01~,49970356~01

~ o 15459826 400>, 4527589E+00~,TSTQ290E-0) ,4997915€=L1

- «1536039E400-015072085+60-,5763626E-01~.4996503E~01
~oTS26039E +00~4 1507203E400=,5762026E-81 »5985C1E~E1

+1S98L99E €28

«1065847E+01~,9135632E+00+,1949)23E+00~,6983732E~01
~e]06SB6TE*U1 =091 ISB3ZE¢00~,1949153E+00 ,6983792E~61
el D6R061E2) < S068804E ¢D)~. 1 477964KE e B0~ 6552320E-61
~e I 0GZIRIE+ UL~ 6068B0GESG0-, [AT2T64E 400 5992320E~01
+1057831£+01~,3028088E+00~.5272749€+00-,6994952E~61
~01059831£01=,30280B8C+00-,1192742€400 .6996952€-01
.10591065001*‘53752865~16-.l100223Eooo~.6995656€*01

FOLDP OUTPUT DECK

~89B1266E=01 .
+8981266E~C1
6995347601

+B99536TE50).

«4996501E-01
o6996501E-01

2996550E~01
.2996550&001
«9985129%E-02
+9985129¢€~N2

+15C1416E+00 »1501616E+00~,4376801E-02~,,9965129€~02+,9955129E~02
~e1501416E400 +1S01416E¢00~,4376801E-02 .9985133£-§2°.9985]Z9E~02

«2956550£-01

~+1503318E+90 (4509955E4+00~,2197705€~01 .9988"1&‘02~.2996550£~0l
+1507208E+00 .15366396000*.5763626‘-0l~‘9?930035°52-.499650lE-OL
~15072C8E+00 ,7536039€+00-,5763626E=01 .99930036002-.69965ﬂ1E-Ol
e151326:c+00 1059287E201~,11233145400-,9993353E~02~,5955367E~01
~.1513267£+00 +1059287E+01~.1123314E400 29993353E~02+,6995 34 TE-01
«15Z180BE+00 +136962TE+01=,1876969E 400~,9979185E502~;8981256€~31
~e152180BE+00 +1369S27E+02-:18T6969E+00 9979185E~02-,8901266E=01

«79558075E<01

.1%”975{"01 N

"« 5996386€-01

-05996386ED1.
«3997126£:9l

«I99T126E~¢1
«1997916€-0)
«1997916€-01

~o 19768808 ~01~,2596436E-010;
. 19T6880E-01 .2996436E~510, .
«%512116F590 »3008078E+04=02861604E~01-42996874E-F3~41957910E~01

=~ 1997916£-C1

24520884400 602 /84SE+00~,5538921E-01~.2997344E=81=,3997126£~0)
~e4520886E060 ,6027845E400~.5538921E-0] 2997B44E=01~,3997120E-01
45359636450 JIUTIB6E+09+,1008122E+00~,2998193€=01~ 5996386E~0).
o #SI5RLIE400 JI0TIABOE+I0- 10081276000 2299B193£~01<,5996386£-21
4ES8046E*00 o121547YES0i~¢1662033E400~,2995528E~01~,7968075E<01
~4SSB046E+00 +1215479E+01~,1662033E+90 ,299552BE~01~.T7988075€-01

«6983163E-01
+E9£9161€-01
+4996677E~01
+49966TTE~01
+2998209€-01
+2993209€~01
+9993053E~02
«5993003E-02

«T536039E400 o1507206E+00=,575038626E 01~ 49965615 ~51~,99930026~02
~+7536039E£409 ,1507208E+00=.5763626E-01 +4996501E~01~.9993683£-52
« 75459826290 <&527589E ¢00~.TST0298E~131=.4997015E~01~,2998209€~01

- o 75459826000 2S27569E+00~,7574298E-01 +49970156-01~,2998209€~01
- 225663336430 +7566333E400-,1123314E+30=,4996677E -1~ 49965TTE~$i
-3 7566323E+00 (7566333E¢00-.11233145400 4996677E-01-,4996677E~01
106327345201+, 3188S7FVE 0, 49922582 -81~.69689161E-01
~2 TSPBEIGE UL 21853734E+01 - 1685TITE00 ,4992258€-01~,69891615~01

«5986108€-0"
+5986108€-01
+3995611£~01
«3995611€~91
~1998558£<03
.1998558€-0]
+35504086~15

.Q9590575000’

.99590876000
»3975002€400
«9975002E+09
+998T010E+C)

,.99870£0¥o»0

«399581 0603
«9995010£.46G0
«9999003€+00
»9299003€+00
+9999003£ 400
«9999003€+03
«9995010£+00
+9995010E+00
«9987010£+00
«9987010£+09
-997‘5325000
sF9T5002€+30
«9559087E+00
0995908'5000
.99635&25300
+9963542E 400

«Y9T7502E4¢00 |
29977502€+00

09967510£0ﬂb

«“9875105000

«9992521E+00
+9993511£+00

'.ﬁ9955!9£000‘*

;9995510£0£¢
o9993§11£00ﬂ
+9993511£400
«9987510£+00
+99B7510E 490"
S99TI562€200
o99775'2fo§3
.9963562E'0°
.9963S§2£3¢D
«¥963046E09
+9963046E20¢C
«9S75502E+80
u9975°02500¢
09903006690&
.99’3‘665093
+ 996703 0E+00
-+993701DE490
«93aT018£408

~S987010€400

+9983905E+00
«9983006E +08
<9975092€ 400
«9975002€ <00
+9963046E 206,
« 9963046 +00
«995T69TE+00
«9957607E + 52
+9967E19€E+08
+9967519E+09
+9973503E+80
+9973503E+00
+9575502€ « 60
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TABLE 1. ¢ CONTINUED
¢ 10591 06E +01~,5375206E=14=,1100223E+00 +6995456E-01 +3550408E~15

«10S9831E+0)

«30280B8E+00~,1192749E400~+6994952E=01=,1998558E-01

~¢1059831E49]1 i3028088E+00~,1192749E+00 +6994S52E-01=,1998558E~01
21062041E401 J606BBC4E+00~,1472964E+00~,6992320E-01-.3995611E~01
~o1062041E401 (6U6BBO4E+00=,1672964E+00 ,6992320E~01-,3995611E-01
«1065B4TE+0) ~OLISHBIZE+00=,1909153E+00~,6983792E-01-,5980108E~01
“o106584TE 401 +9135832E+00~,1949153E400 ,6983792E-01+,5986108E~01

e1371631E+01~44572104E+00=,2070071£+00~,8975266E-01
~e137163:E901=e4572104E+00~,2070071E+00 B97526BE 1,
#1369627E+01=41521808E+400=,1876969£ +00~,8981266E~0}
~e1369627E¢01 -4 1521808E+00~,187TSNE9E+ DD <BIH)266E~0)

«2991755€-01
.«2991755E-01
+9979185€~02
«9979185E~02

«136962TE+0]1 +1521808E+00=,1870969E+90«,8582266E~01~459TY1£5E-02

=s1369627E+01 +1521808E+00~,1876969E400 .8981266c~01~.9979365£-02

«1371A3LE+01 24572104E+00=,2C70071E+00~,8975266:01=,2991755E=01
~s1371631E+0]1 45721042+400«.2070071E+00 oB975266E~0 142991 7S5E -1 )

76
«1520932E¢00=41271356C+01<,1616261£400-,9993025E«02
o15209315000-.13713‘65001".16163615000 +9993026E~(2
c151?6606000-.960“585E900'¢9256723E‘01*.1000032E'01

'-1512066"00-.96’;SSbEOOO'.9256723E 01 o10000325~01
1“06629L000-n. " 3430E+00=,4393874E£501-49996231E-02
.l5068295000-.65636305000’.439387kh~0l «9996231E02

« 15031 33E400-,3514519E+400~,1419798E%0) =, 998971 3E~02

e 15 13133E+00~~3514519E +00~, 1419798E=01 .9989713g=02
.1501“115900-.50476735-0l‘.24352565 02-.99851795-02
=, 15014 11E+00-45067470E=0i~:2435256E-02 99851 79E~02
« 15015906400 «2497703E+¢00=,8243297E-02-,9984237F <02
“i1501590E+00 - 4 2497703E ¢ 00~,8248297€02 99842375 62
+1503679E+00 +5504273E+00~,2L6212LL-01=,9984319E~02

» 1007445 EoOO
«1007445E400
.8030258&-01
.8080268[-0]
obO?B?OQE-Ol

+6078204E-01"

«4077319E%01
W4077319E~-01
o2079g77£°01
«2079277€501
+82635895-93
»8263S89E=-03

-, 1914565Ewd )

-‘44

R P R I

~e1503679E+1)0
W 1507777E+00
<o 1507777E+00
15140826400
~¢1514082E+0u
+1522941E400
-4 152294 1E+0¢

¢5504273E400~,3169106E~01 +Y565319E~N2~.1914565¢-01
289268802400, 7328099E~01~,9988529E~02~.3912%48E-01
e5526880E200~,7328099E«01 »998RE2IE-F2~,3912548E-01
¢ 1157890E+0)~, 1340681 +00~,9984653E~02~,5306734E~01
¢11576890E+01~,1340681E400 ,9984653E-02~,5906734E-01
«146T659E+01~,2157906€+00~,9962789E~U2~, 7882199501
+1467659E+01=,215706E+00 +9962789E-(12=,7882199E~01

o4556799E+00-0 111714 7E+01 =4 1432350E+00~,2998824E~C1
~o4555799E+00~0111714T7E+02=01432360E+00 22998824E -0
. #4534455E400~,8083599¢ ¢ 0~ 84 04650E (1w £9999FUESD]
44534 455E €00, BUSISGIES 00~ D4 T4650E=01 +299984GE~01
W452002BE ¢ (6=e503S966E 400~ 44628IHE~01 =+ 2998582E~01
=~s4520029E400~.5035966E+00~,4462830E~01 ,2998582E~01
.st1329E¢00-.:014)eOEooo-.231a495t-o1-.2#970955w61
o451 1BZIE 200~ 014:60E400~,2374355E=01 ,2997095E~01

«9077401E-01
«9077421€-03
«7T079805E~01
oT079905E~01)
+3078256E-01

+S078356E-01
«3078€15E~01
+3078615€-01

«4509494E4 00
~%506454E+00
«4512929E+00

45129292400

«43522295E+00
~4522793E400
«4538045E¢ 00
=e4538045E400
«4561005SE*00
=:4501005E+00

«7594E61E+00

¢G94 3G THE~0]=,2073429E 01 »22996305E~01 ,1060872E-01
09943478E=01,2073629E~01 ,299630SE~01 ,1080872£~0}
04001250E+00=,3542068F~u]1 42996372 ~f11~,9164072E~62
«a001250E 400~ ,3542068E=01 ,2996372L 0191640 TEE~D2

o TO18268E¢00=,6809249E+0]1~e2996766En01=e2914342E~01
T 7018288E+00=«6809249E=01 +2996T66E~01~e2914142E=0)

e 1005613E+01~41195405E400~42996089E~01~4909966E~91
«10GSB18E+01~41195408E+400 +2996089E-01 .49099€6€+0)
+1313560E+401~41911707E+00~+2991577E~0) . 6893921E~01
«1313580E+01=¢191170TE+00 «299)E77E=01-,6893921£-01

+9656053€+ 504 1485931 E+00=»4I97112E-0) <B076728E~)1
~a 7594B61E*G0-09656053E400~01485931€+00 «6997312E~01
2 7564300E +00=06580774E+00=.9848870E~01~,4999) 18E~01
e 7504306E°00>;65R0714F 100~ 9848870E~0) #4992118E~Li
+ 7544993600~ 353FLLTE ¢ 00~ ot TEG 2 L 2T =G 1w s 4995053601,
= 754499 5E+40C=0353920TE+0)~,6784212E~01 2499R058E~01)
vT536009E+00~e5175810E-0L=e5566378E-01=e499¢€ 544E=01

+8076728E~01
2607951701
+6079517E£-01
+4079317E~01
407931 7E~01
»2080070E-01

= 7S36009E+00~e 5175 L6E=01=4S5669TRBE=01 «4996644E=01

«208007CE~01

11

¢

e

St N Sy T Gt Al 3D PR3 tm

; wﬁu 5.‘

99755026 +00
+9973503E+00
+9973503E 400
4996751 9E +00
+9967519E +00
+9957607E+00
«9957607E+00
<995 146E+00
<9955 146E+00
«9959087E+00
«9959087E +00
+9959087E+00
«8759087E+00
+9955146E + 01
+9955146E+60

+9948621E+00
u9948621£000
.99667995'00
099667995000
a99810105000
99810105000
099911855000
.9991185&400
c9997339E*00
099073395’00
o999°498£000
0999Q§98£500
«9997H6BE+ (0
«299T6EBE+00
«9991844E+00
+9991644E+00
2998204 T +00
+8982041€E+00
«9968389E+00
«99683895+00
29954 199E +09D
«995419%E+00
«99T7V39SE Q0
«9970395E+00
+9582594E+08
«9982594£.+00
«999076G6E +00
+SYSIT766E+00
«9994226E+00
«9994926E+00
«9995099E+00
»9955040E 500

+9991260E+00

+9991260F 400
+9983644E 400
+9983444E+00
+9971722E+00
«9971722E+00
+5954795E+00

+995479SE+0D

+S96BITHE+(0
«99EB3TE6E+00
«9979168E+C0
«9979163E+00
+9985343E+n0
+9985343E+00

ik i ’1"'&4
P

N TRIETOR TR w{.'!-'n'('ﬂﬂ‘ﬁ‘w e

T e

3

y o)

PN VR TORCIPS T N O S S O

n'i '3/ Q’,




Ao
R

R

Sz i

Seituin Sred il

i
IS
AR

Ty

A A LI
IR s age bl

GRS

2aE
2

KR

+75369S7E+00
~s 7536957E+00
« 754 TBI6E+00
~o 154 TBGEE+110
«7569363E 400
-2 7569363E 400
«T60261TE+00
~ s T6RR4TTE#GO

TABLE 1,

CONCLUDED

*2495468E+00~,6153815E-01~+4995874E~01 8189224E~03
+2496468E+00-,61G3815€-01. 24995874E-01 .8189224€~03
.55159C3t000*.855057¢E-01-.4995616E°01-.1915763£-01
+S514903E+00~,8550572E~01 +4995416E-01~.1315763E-01
+8550217€+60~,1281317E+00=44993523E-01+4391 1353E~01
»855C217E500~,1281317€+00 ,4993523E~01-,3911353E=01
o1161654E001°.IGOSSSGEOOG-.49866165-01*.5897SOSE~01
«1161654E£401~,1905556E+00 o4986416E=-01~,5897505E~01

o10ub¢53£001~.81593625000~.i7782755600~.6990430E-61
~e1065453E¢0)~:0153362E+00~,1776278BE400 +699063GE=01
.l061815”*01--50888086000°o33633795000-.69966696-01
’o1061815E‘01‘oSOBBBOBE'OO’-13533795*00 ©6995649E=01
+10597S 45001‘°2046054E000°-31“3113E000-.699617SE-01
--10597545’01’.20960545*00'-1143113‘*00 «69961 TSE=p1
«1059171E+01 o982#947&*01"-{)099’25000-o69950735‘01

~e10S91T1E201 +9B24B4TE~01~T1UTIIZE00 2699507360}

+T073276E401
«7073276E-01
«5078517€~01
«5078517€~01
«3079913€~01
£3079913E~01
+IUB126)E~01

'e1081261E+0}

+1060040€+01
-+1060040E401
«1062407E+01
~e1062407E+01
+1066400E+01
~c1066400E+401

«4009432E400~21261842E «00=+6992908E =01 ~+91625168~02
04009432E+00-21261842E300 +6992908E~01~+9162516E=02
2 T04T4B9E 400+ 1602140E 400~ 46987994E=01++2910640E~01
2704 7489E 400~ 16021 40E $00 .698199a£-01-.29aoo~oa-ox
-l0110535001-,21399034000-.69758236-01-.48953815-0l
¢1011053E901,2)039903E+00 6925623E<0) ~s48953B1E~01,

.1373616E’01-a36006395*00“-19892125000~08979566E"01
~.1371416500l-»3600639€*00‘o1989272:000’o89795k6£‘01
.13696176‘01--54909825“0l‘o16566595400'089521755'01
-.13696175001-'56909825"01°o18566595*00 «898217SE=01

#4075552E%501
240 75552€=01
«2080345E=01
«2080345E-01

T

«1369818E4+0]
~+1369818E+0}
«1372035E+01
«+1372035E+01}

024941915 ¢00701916838E+00-48979152E~01 ¢8503996E~03;
+2696197E460~,1916838E+00 :8979152E+0) 0850399OE~03
¢5542642E+00~42179540E+00~+8969610E~01~+1906269E~01
oSb#ZkaE*OO“.Zl70540E‘00 .89696105‘01-.1906269 =01

<

«9987509£+400
«2987509E+00
.99856785000
*9%85678E +00
+»9979863E+00
29979863E+00
49970133E+00
«9970133E+00
»9950428E+00
«93950428E+00
«9962565€£+ 00
«9962565E+00
«9970752E+00
«9970741E400
+9974918E+00
+9974918E+00
«9975099E+00
.9075099&000
.997130]5000

«9971367€400 .

+9963620€+00
+9963620£+00
+9951260€400

.9951260E000.

c9957406£¢00
+0957406E+00
29959602E+00
~9859602E490

+S957867E+00

+9957867€+00

bW

J\,» ls

AJ \'~p :rr.-" datitornn e

et ot e v v

. s

- Sirees L
RS
ERSEE D LR

o3

Ly P
S RS

o
LR
ST
LI

v
5

%

SA i
.




O AP e e 0

e

A

T e
s}
i

L

R R ¥

IS S AT TR A LR g T

e A

XX K 98 ﬁq«vﬂw‘ %
P2 ,S“:‘AM@« TR o RS TERRRRART L LS LRI RN BRI A SR ‘uﬂ LRI S IF TN ...of%m«cn}?\ o Mﬁwmﬂwﬁgﬁ .,,»".M.M. 2238
s ’ e ¥ . , .. ’ ' g ._ v.w . AR ) " ../w .,..
. .. . P L, : ;
‘ g \ . Lo e \ .
N A s . i . * U
. 4 ' . o B N ‘e m
. N R . PN v, 5
. ‘g ) . b . 3
. cae - o At re R NN IO < i b St VAN sy N 4 B NTR g S WS OR S 50 0 N HYOR Sk i AR n G € NS TN A e W YR A4 ...w.»&..Z.A\.\ﬂcvvﬁw»wdv/&é,ﬁn:mﬂﬁwwmw. I am_
' s , ) P
N 4 [ T P . PRt
¥ T
. . 0 X .
. ) C oy N
’ . 4 e
. ‘ P
. v ’ : i -y
" . H .
N “w
N . , 3 "
‘399fqo sixe-u0C X0 3 do  * g v ) A
: 308fqo sTIxw-uc x0J ueadeyp 20de °¢ 2andra : 7 m
. . . ' : ¢
. H p
-ro.olonnt~5000p0~)o;-oo.anhno;n:onnooottnﬁo-oﬂso‘- 23=5L gt ' A
. . M N
. . \ !
.. . k
- B - B
: . 4 . y:
- * ’ R - . h
4 » - ST
. ° - v m
Y o B F
. - . P
o . - ! $
. . , P
N “ . A
. N . -
. - . i
. « -
. *
- - . ]
. . §
V
i : . :
. . %
. . x x .
o X X . .
- x X * "
. N N « ¥y oxx XX x X . '
- v X XX XX XN x .
. x x »
. S x X X - .
. X x X £ x X X . e}
- ] X X . t - -
. x X X x *
. £ X Y '
. ) Xk XX XX X% . { . :
. X 3 X' XX x X -
- . x x . K
. “ x * \..‘
“ X X . 3
. . »
- . . s
- - -
- » -
- i ) . k
. - A
- > - ¥
. R - .
L -
~ 'S * -
- * ¢ k2 -
® e .
. > .r” ’ k
» ! * .t
: . . ] ¢
. . . .
. . P
. . Lo k.
- » N m
- . ‘ F
K N .
* . 4
PR R R R RN I I IS A A I I I I IR A B A B S B A SR A N 2 2 I 2R O B B B B S0 T i 20-05E2*
T W3LRON HOIVD 1 »IBMAN IHOIIM 2SS 3 UMIND 1370188 0N w
o
. » ;
: 3
I ' 3
, i
i

o

T




e

&

WS

:}1 N

Rt e

O iy
g‘:tﬂ??,;i‘t‘ e%‘%"‘:’

S

i

I

oF
K
w

S

e

.

ST : NIRRT
S R e S e
¥ N . N N
i a N ' s R N e
N ’ - ,A\.\.,.v\i nd'\,\¥\¢.?\.r<\..%(§;\\x.\\:\$‘!)r. .{r‘)r. EEE -~ R .:‘ i
L + K .
7y . JLON - S
e . v - . !
' \\ ‘s - a
‘ 7 N . o |
' il
, :
i * N I .
(S e " v ‘

-a0afqo ST¥e<zye. (1 203 wexderp jods *g oxndig

2
2

b

¢ . .
N I : -
B B B A N B B B N P L It B B 4 o0 Yeo 9 & ¢ 4 & o & 4.0 4 4 e v ® et B P PR ey
+ .
» . ' . 4 »
A . L
L] L]
L4 . ’ -
- ' Ad
- .
L] .
« . .
. ' L , .
. . N - 2
. S ' .
. f )
- s
- . r X v
- - . .
. ‘ - -
. 2 .
. . ;X > > x -
. L v *
» P x <
a - ' x ' -
- X, . 1 x x N >
. “ e £ o .
« - -K xx XX - 2
Y » x »
- 4 L I T x . .
. T x < a z . -
- ’ N ¥xX X ¥ XXX “ . .
o . x¢x - . -
- . xX: . X N *
- B - ’ L}
» x x X . . ¢ . » )
- -
- . * . B ! .
- . x X ’ 2 ) & .
. ’ B . -
. ) x no X e
. . -
- R .
. - x ¥ . -
. , x * it X *
Y X - b * } 4 -
. ’ . *
» . Lot B x N .
© « ® X . , ®
- = -
- i <
» x X . s . -
- *
< ‘ .
» ’ -
" , ’ 'Y
. ¢ . g N ! .
» X » , -
‘ . »
. ’ N R I >
» . ¢ N -
. . N ' .
. ' -
P T I I I N R T R e RN

< ¢ M2EHOR 40103 2 LAWNAK 4HSIIM

ASYD 3enwxl

2L-9392%-

206~30052°
PR TR T

7

g A g S GRS e S i

o

S

awvidas » A

EY

DI e

ML i s VTN X SE ALK

St Wk AL B2 9L




TR R RTINS SEEER)

>
e g e

“ ‘
AREN VY e o e W R a0y o WP o va we o, SYRr AR WY

g AL LN PR, S mm b o agn - o —— AN % DM B ASREAA San © 3 5 n L e ris & e w w va em e w - N

o S

A

o

')

; *{Tdnd adusajue ayy uo uxo33ed Ley 7 aandrg

5 —:"" A 'gi
[ T RO T Peeey
]
b
~
R R . X )

. 4
ra ~ ~ -

. b L Y A A I B R T R I N A B I I I A R I I I A S B R B R Y I ) 15030003~ . f
¢ . » . T
L3 ' . .

o » n X . . !
i . . .

= ¢ . * m
N . X x .

5t . . N (S MM
& * . L] L

m&.f . * € X X X X 2 L b

%& ’ - .

L . . . A
o . . A x X X . P

. . . h,
. . - ° ,
i . X H X - x . |
. . [
e i « . w
! . . f x > x x . . b
3 .
. . . . : .
' . . x x x x x 2 .
¥ ’ . . : w
P . » -
. . x x x x . m
- ‘ IS . %
3 ! - , . 2
3 : . x x x X x - X% . %
o N . . yM
» ’ B
3 . x x [ x v .
. ' - v w0
- ", . —1

l\ﬁﬁ - - i
Y i N by x » x x X -

i : . . . k=
'Y $ ‘ v o - Yy €

W, 3 . x % . x x N ,

m».m A . - .

> .

e, - - Y x foa x x | S
2 '

J%T\ : 3 > . N

W.m» ¢ » s .

6, : * x S X x . " o
= - . ‘ v . v
3 . » . :
= - . x x ¥ a -

* . .
" ‘. .
SN . x x X X .
‘.M - L
5 : » .
& . x . > x X - ’ -

w,mmﬁ 3 * < - : 2

¢ . . ' - &

b4 . . X A\ .

£3 . . '

, 3 o - o
c ' . X 3 .

N N R S * .

3% - . § .

L A I N R S R A N I R R IR I I I R IR I S R SR SN S S L TEeFLEY" N

A

Vena 3IMTRANT NOREINIVS AWE EA M IcRETA S § 12010l 39009

1 . - A

4 "if d“a’?@z
I
il s At A A e T DTN ot e

A s
el «
<SR . . . C )
ISP . ., .
y ] - , : ]
B3 , .
Yy - ~ " t
SN . : . = '
¥
. : . ,
~m ¥ . . NG A N
M . . .
o * . A s . . f ' 4
& . & AT, a4 W waly MR Cesxe n emdy A - - - R L V) TP MBS P ABA N L “ave - -
2 » IR AR S A b . VR At s LC T VN cwmAys c s NAEOS SR A NS e LR R SR e s 8 By taan e Yt o AW e T 05T wp U b \
- 33 . A . . s s
g4
S



IMAGE ANALYSIS PRCGRAM

The Image Analysis Program was developed to perform a complete
image analysis for any optical system which can be raytraced by FOLDP,
Since the rays are defined on the final optical surface, the user is
free to specify the location of the image plane relative to this surface
.and examine the image at that pilane. Th. image plane location may be
moved and the results examined. for the .ew location without a new ray-
trace being performed.

A, Main Program

7he” main program uses the deck punched by the FOLDP routines plus
two additional cards Iisting the run title and the image plane location
relative to the fina; optical surf{ace, The deck consists of the

following: 3 3
y")h M s
1) A card listing the run title in a field 60 characters !
g wide. \ :
2 2) A card listing the axial distance of the image plane from g
v the vertex of the final) optical surface (DELD). Format (F10.0). §
3.
- .
e 3) A card listing the.total number of rays on the final | f
B optical surface (). Format (110). (Punched by FOLDP). .
5T |
;a 4) N cards listing the X,Y,Z coordinates of esch ray and :
i the associated direction cosines QX,QY,Q: one ray per card. Format .
£ (6E13.7). (Punched by FOLDF).
¥ 2

The main program uses these inputs to compute the ray intersect
coordinates on the image plane., It then calculates the average X and
average Y ray coordinates (centroid) and transforms all rays relative
to that point. These values are then stored in COMMON along with the
centroid coordinates, the direction cosines, the image plane location,
and the run title for use by the program subroutines,

-
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B. Subroutine RAPLOT -

1. Purpose

The purpoce of subroutine RAPLOT is to plot the ray intersec-
tion pattern on the image plane, and also to plot the convergence of
the ray bundle as viewed along the two coordinate axes perpendicular
to the image plane. These plots, when studied together, give the

AL ST

designer a good "feel" for how the image is formed and whether the %
image plane is located at the best focus position. %
4
o
3
16
§
Lk o St b de s A it nrt i, i Kbl ¢ P M T cta e MLtk 3 Bt Stnmn A sl




sl e e

bR I BN L R L A R e R R T T

o

T AN e L ¢ e L .

2. Methodology

The RAPLOT subroutine uses the X,Y,Z ray ccordinates on the
image plane and the associated direction cosines “r construct three
diagrams:: :

1) The spot diagram Y -
which represents the intersection . Jr <
of the rays with the image plane *
(X,Y rlane) (Figure 8),

;
W P P PRIV o P 5 X L S i e 7
'

Figure 8, Spot diagram. e X
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2) Projection of the L4
ray paths on the Y,Z plane as A
reviewed -along the X-axis .
X N
(Figure 9). Th=2 intersection ] INTERSECTION WITH
point is determined from the \WMAGE PLANE
Y coordinate and the slope is
: determined from the direction o
cosines QY and QZ. . RAY

LT

s oawmasn, vaee ®

Figure 9, Ray projection
] on Y,Z plane. > 7

. 3) Projection of the X :
ray paths on the ¥,Z plane as 4 :
viewed along the Y-axis :
(Figure 19). The intersection
point is determined from the RAY :
X coordinata and the slope is ’ )
determined from the direction

¢ i :
' cosines QX and Q2. INTERSECTIO WiTH IMAGE PLANE :

‘ Figure 10. Ray projection
i on X,Z plane. > 2 . 5

¢ ~

‘ 3. Input and Output Descriptiecn

a, Input

The X,Y,Z2 ray coordinates relative to the pattern ceuntroid
and the Adirection cosines of each ray are avaiiabtle to this subroutine

17
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X,

through the COMMON storage block. The
input required for this subroutine is
a card containing the values for B
SCALE, DELTXY, NEMPHS, and NCHRS. The
format is (2F10.0, 2110). SCALE speci-
fies the plot scale such that the rays
are plotted on a field centered about
the point (0,0) and defined %

Figure 11, DELTXY specifies inhe plot
tic increment. NEMPHS spacifies the
tice which are to be labeled and
emphasized. Every NEMPHSEL tic is
emphasi-ed and labeled. NCHRS speci-
fies the number of characters
including the decimal to be written
for each label.

b. OQOutput

This subroutine provides a hard copy of the image plane
location, the ray pattern centroid, and the coordinates of each ray on :
the image plane. 1In addition the three plots previously described are

drawn by the SC 4020 plotter.

C. Subroutine MIF

1. Purpose

The purpose of subroutine MIF is tc compute the modulation
transfer function (MTF) of the optical svstem under consideration and

to plot this function.

2. Theory

The modulation transfer function provides a measure of the
performance of an optical system. Suppose thai: the object is a set
of light and dark bands, the distribution of brightness being
1 + cos 2rv'X. The optical system degrades the image so that the
contrast between the bright and darl bands is less,

Figure 11,

5
]
L]
' -~
o
L]
!
- 3 (0,0)
ro----- ..‘a-a_---n-.
: SCALE
!
!
Tics |}
Y T T

distribution of brightness is F(X) = a, + a; cos 2nvX.

defined to be the ratio between the contrast of the image to the ’
contrast of the object for an image with the spatial frequeacy v. In
this' case, the contrast of the image is aj/a,, the contrast of the

object is 1, and the MIF(v) = ay/a,.

Smith® has shown that the MTF can also be derived from the spread
function of & point object. Suppose that the image distribution of
brightness 18 ¥{X,Y)., Define the line spread fuaction by A(X) = IF(X,Y).

<Smith, Warren J., Modern Optical Engincering, McGraw Hill, New York. 1906, pp. 300-325.
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g Then the MIF is given by the expression: . 3
;, 2
¢ R I 2 % 3
: MIF(V) = |A (V) + Ag(Vv) (12 .

: ‘ where
A(X) cos (2mwX)dX 3
A(w) = I ' (2) .
fax)yax :
’ fA®) sin (2rvX)dX
Ag(v) = 7 3) 3
JA(X)dX > b=
and if the line spread functrion A(X) is asymmettical, a phase shift ¢' . f
in the pattern image is introduced,-described by: ° d p:
- . 23
Ac(‘.?) As(v) . : 3
cos = A(v)| or tan ¢ = A (4 i

SVl

3.: Methodology
Assume that a spot diagram has been prejpared from raytrace
data, such that the coordinates X;,Y; of each ray intersection on the
image plane are kpown. The line spread function A(X) 1s represented
by the number of rays per interval N(X) (Figures 12 and 13).
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*
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sk

* *

Figure 12, Spot diagram divided into increments of AX
to count nuamber of rays N, per AX intcrval.
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Figure 13,

Determining line spread function AX)

sums over the AX intervals.

Since A(¥) is, in practice, never represented by a continuous funection,
we must approximate the integrals in Egs. (2) and (3) by the equivalent
> te

\.Ac(v) _ IN(X) cos (2avX)hx

TRE) &K (3
INEX) sin (2mvX)AX
y ) = === . {
3 (V. TR AX (6)
We may factor out AX to simplify Egs. (5) and (6)

_ZHX) cos (2ruX)
Aclv) = NGO

. ENQO) sin (2mi)

7

But ZN(X) equals the total numwher of rays on the spot diagram, Hro_AL-
sums over rays.

In the aumerators of Eq. (7), the sums over intervals sre equivalent to
Thus, Egq. (7) becomes

NpoTAL

L

cos (2mvX:)
4, (V) = =l

(8)
NtoTAL

2G

. 2R T P
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£
f»: %
i
& bi
; - §
: NroTAL 3
: sin (2mvX;) i
: i=1 - “
: Ag(v) = N 9 - i
3 TOTAL ‘ {
which are the equations that are programmed. Once these are computed i
the MIF is found from Eq. (1), and the associated vhase angle is ;
computed from the second of Eq. (4). This subroutine zlso includes ;
a feature which permits one to scan the spot pattern from two preselected
angles, 01 and 5;. Tc achieve this, the rotation of axes is performed .
from the initial coordinate axes as depicted in Figure 14. The coordi- :
1 nate Xi is transformed according to the equation - i

Xi = Xj cos & + ¥; sin @ £10)

£ ‘;‘
R _ _3; ;‘
p ]
and the computatlon of the MIF proceeds as prevxous‘y OISCUSS&d § -g
utilizing X in Eqs. (8) and (9). ” i <
, \ i
Y ; %
v 1 S
» x’ %
\ a{ 3
S \ 7’
\ U'd
\‘ /,/{9
.*- o X Figure 14. Rotatjon of axes,
, -
o’ N R
ad \
\
Pad -

4. TInput_and Cucput Description

a. Ilnput

The codrdinates (X;,Yi) and Npopar have previously been
computed in the program and are stored in COMMON, The only input
requiréd by che user is a card utilizing a (3110, 4F10.4) format on
which the following are punched:

1) An integer which specifies the plot tiecs which are
o be emphasized and labeled. (NEMPHS: 110 format).

2) The number of characters including the decimal to be
written for each tic label., (NCHRS: 1I10 format).

21
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5 3) The mumber of frequenciesxdeclred (NFREQ: X10 format).
K- 4) The desired starting frequency (STFREQ F10.4 format).

5) The desired frequency increment (DFREQ: F1G.4 format).

- ~

©) The first scan angle (THETA{1): F10.4 format).
g - 7) 'The second scan angle (THETA(2): F10.4 format).

b. Qutput

This subroutine provides a hard copy output ¢~ KFRIQ,
STFREQ, DFREQ, &, NEMPHS, and NCHRS values at the top of the page;
followed by a columnar listing of the frequeucy value, the MIF associ- |
ated with that frequency, and the phase angle.. There are NFREQ entries
per column, with frequency valuies running from STFREQ to STFREQ + ,
(NFREQ - 1) x DFREQ. Also provided is a plut of MIF versus frequency
via the 5C 4020 plotter.

T

B .
4 D. Subroutine SCANS '
7 i
1. Puxpose ]
.The purpose of subroutine SCANS is to scan the spot diagram at -1
} the 1mage plane of the oleﬂal system under considezation, using either .
e a circular or rectangular scanning apercture, The limits of the scanning :
,? cycle are set by the user. Knowing the number of rays contained within '
5 _ the aperture at each step of a scan, one «an form an idea of the
£ " intensity distributicn of the image.
4 2. Ihecvy :
- '
¥ It is frequently desirable to determine the density distribu-
E tion of ray intercepts on the image plane of an optical system. This
o distribution is, of course, dependent on szveral factors: the shapz and
% . size of the aperture used, the step size used for the scan, the liuits

chosen for the’scanning process, and the intrinsic distributiown of rays
on the image plane,

5. HMethodology

Assume that a spor diagram of N rays has been prepared from
raytrace data, such that the coordéinates X;,¥; of eack ray intersectiorn
K on the image plane are known. Ail points in the diagram have been
e transformed to mzke the centroid the new origin of coordinates in the
g main program. Thus, in the following, X;j,Y; will refer to the 152 point
P referenced to the centvoid. Howaver, the user has the opticn 9f speci-
fying any origin cooxdinntes (XTR,YTR) he desires. Moreover, if he
; wishes to rotate thc ZT.in asts i.ough a preselected anglz 8 (counter-
clockwise), he has this option as well, For example, if the centroeid

i 22
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:
£ is used for the scan center and the axes are rotated through an angle \
E of 8 = 30°, the equations would ke:
3
: : 2 XTR =-0 ’
; YIR = 0
Tl=X; ~XIR=Xg, i= 1, N
T2 =Yy - YIR=Y;, i =1, N (
X; = Tl cos 30° + T2 sin 30°, i =1, N
¥; = T1 sin 30° + T2 cos 30%, i =1, X.
: Note that the translation of axes is donz first, followed by tie rota-
e tion of axes about the new center, We also see that when & = O that
4 Xj = Xj and Y{ = ¥;, as it must.

E Suppose that we have completed the desired translation/rotation
B~ process and now have cur spot diagram in a form ready for scaaning.

We must now use some aperture o scan this diagram. = The shape and the " %g
A dimensions cf the aperture follow this convention (Figure 15). . 3
3 Y 5
£ $ &
TA2 :‘%
23 -~ §31 L<—— Eg
‘. i > “»,
| * | * .g
* * E
' *oule * ' %
»* * 3 : E>
ss2 } r — * pret X 2
) K ; &
R Al * * -* * A2 %
* * ;
3
Y * | ¥ ié
2
-4 At 5

7;“ . Figure 15. Rectanguiar aperture used for scamning along X-axis.

If the aperture is vectangular, SS1 is the horizontal (X) dimension of
aperture and SS2 is the vertical (Y) dimension of aperture. For a .
circular aperture, SS) and SS2 = 2R where R is the radius of the circla, -
v The number of steps NS in the scan is decermined by the programmer ond

LIRAY
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entered as data. The scan step size is Hefined by the equation

S8 = (42 - Al)/(NS - 1l). Ve now proceed to scan as illustrated in
Figure 19,

A

1
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SCAN DIRECTION °

IO I
' '\r ‘?%

3

22

e de A VI Faoa e

! _él_\':‘;z

oAt el
A

MR S

k!

e e e s e e -
[ SV N U UG U IEEIG NS QLI U U - |

Pigure 15, Scanning across - :
the X-axis.

XC(J) is the position of the center cf tne scat.ning aperture during )
each scan step. Initially, XC(1) = Al, The scan is performed from Al

to A2 in steps of SS for a total of NS posizicas. .For a given aperture
position, we count the number of rays lying o.- or within the scanning
aperture. boundaries by utilizing a counter, ¥ MC, which wili Increment’
by 1 each time the following conditions are ret by the X;,¥; points:

bk

P

¥

. . xg - xen] = ssllzl

rectan alar aperture -
!Yi{ < §82/2

i AR BN A AR

[Xi - XC(Ji]Z + [?i]z s R circalar aperture

.
SR

2

:

Wnat is now required is to find the counter with tae largest kS
nusber of.rays and normalize the other counter:i to it. 7This process 3
yieids the relsative intensity as a functicn of aperture position. ﬁ
b

¥hen the X-axis scan is completed, 2 scan of the Y-axis is then "2
begun, from ¥ = Al to Y = A2 (Pigure 17). 3
g
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e DIRECTION OF SCAN
. - X
, ;
-
a1 B
. to .4 T
! Figure 17. Rectangular apertiure usgd N !
: for scanning alohg Y~-axis. L f'
% ] Note’ that here the scanning rectangle maintains the same- oriéntation §
%8 g with respect to the coordinate axes as it had in the X-axis scan. The S
: : user may alter this orilentation by inserting a ROTAIE card, ‘which will :
SN make 8S2 = §81 and SS1 = SS2; that is, the scanning rectangle will be ’ .
g i “votated through 90° (Figure 18). f
41 3 )
v ] ’ ;
P M
£ . ;
R ! ‘ f !
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g :
A !
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; .
g ——
: SCAN DIRECTION
H ~
: - X - 3
e : SCAN DIRECTION g

i,
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5
ol s
(Caran i

Figure 18. Rotation of
rectangular aperture. ,
o7 for Y-axis scan, ’ -
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scanning précess,\dﬁilizing,the appropriate Y-aZis parameters in place
Gf the XJaXis ﬁaraﬁétersﬂgfevioqsly mentioned.

ﬁ; Input and Output Descx ption S ] - i

a. Ingut o ’

-

The coordlnages CXL,YI) and N have ‘been previously computed
by the progiram and'areé now stored in COMMUN. The data cards to be
supplied by~ the dser are, in this otrder: ’

1) A card “tlllzing an 'ILO, oFlO 0, A6) Iormat on *suich
are punched the values for Ns, /881, 552, R, YR, XrR, TILT, and rhe

KEY, in the crder- givpn. ﬂoﬁe that if KEY = CIRbLE and an R value 1%
specified,. this will overradA any S81 and $82 valu 6, éntered, If a

circular aperture is nét- aesxred ‘R .and KEY fzelds are-blank, and . . =
values for S81:and 882 dre eqtered, If thé - cenﬁrnid is the desired scan
,enter, YIR = XTR = .0, TILT 48 the. angle 8, din degrees, turougb which"
the . coordanate axes: are’ to ‘be roLated if degired

2) A card utxllzing (ZFIO 0) fo"maL on which are puncked

. the values for Al and A2,

L

R

3) A card n*11i21ng an (A6) format on wiiich is puncheéd
ROTATE if Fhe ¥+axis scan is to use the rectangulay aperture rotated
through 90°, Otherwise, ‘blank card is inserted. -

é) A card utilizing an (F10.0, 2110) format on whicn are
punched the values for DX, the X increment to be ased for spacing tics
on the plo"ter chart axis, N, which specifles«thch tics are to be

emphasized and labeled, and NCHRS, which spec i fies the number of
‘characters in the label,

Outgut
. Thls subroutlne provides ¢ nard copy output of the
following:
_ 1) An echc of the data on cards 1 through 3 described in
input above,

2} A colummar listing of each XC value, the number of rays
enclosed by the aperture with center at XC, and the normalized value of

+ this number {(that issnthe intensity). There are NS -of these values,

3) A colunmar Ixstxng of each YC value, the number of rays
enclosed by the aperture with center at YC, and the intensity. There
arc NC of thp e values,

- . el e e s b B AN T e et #I I K T PR A WATH LA AT AT RETNG gt e
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Thé §can then proceeds 'in the sae maoner presented for the X-axis -
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4) The.values DX, N, and NCHRS specified" in cavd v.in input
above. Also provided is a plot of intensity-versus YC’and G vaiues Lo
via the SC 4020 plotter.

E. Exeample Case Input and Output ' . o .

RPNV e

The Cooke triplet raytrace datawhich were nunuhed out by TOLDP
are used as part of the iaput deck for the “mage Anaxysii Program.
complete input data deck for this case is listed in Table 2,
from“the line printer is listed in Takle 3, and the

.8C 4020 are listed in Pigures 19 through- 28. :
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TABLE 2.

ON-AXIS MIECT . EXAMPLE CASE -
i ?s
o 1521BE3E 40T 1469627 +01 -, 18769628 +00~ 095791 05£~02
~,1521808E +00~,1369627F+01~,1876969E+400 , 9579185802
.1513?&7E¢00-.10592572001~.1123314r+no-.»9933535-02
».1513?675+00-.1059297£o01-.11?3314F+oo «7993352E~02
5979035»90-.7536039=eoo~ E763626E-01-;3953003Ew02
~.l’07268=‘00? 75360345»00-.5?b3ﬁ56F*01 249930038502
«15033195400-24509955E+00=¢2197705E ~01 =4 3 I88501E=02
~e 1503318E400=06509955E+00=,21977055=0]1 J9B8S01E~02
2152141AE400< L501416E+00~,4376491€-02-,9985129E~02
“ 15014162002 150141 6E €00, 43T6801E0Q2 $9985129E=02
«1801416E¢00
“e1501416E+00
«159331AE¢09
~e1583318£+400 -
«1507208E£+00
~ASUTANBE 00
1513267200
= 1513267404
"+ 1521808E+00
5. 1923R0HE460
‘.4=ssgac:‘no« 121567954014, 1562033E + 00, 299BS2RE 01
S3453R39EE 6Ge o L 215079E 401 1662033E400 . 2995529E=01
v,.q%asqﬁ3=‘ﬂe~.96?1u3571qa~.10081?7F*06~. 3981935~01
< HRIBYAZE 4D~ , S0 7 IBIGE+ 00~ 10081 27E 469 (2999193001
,6570384*&00-.6027845&000-.55769?1£-0’-¢?99?3ﬁ49~0l
e GEFOBAGE s NN~ BI2TH4SE+ QU= 55389217=01 4 2957344E=01
445121 16F +00~,3098978E+00~,2861604E-01~,2396874£-01
~ 45121 16E400~:30080780+00~,2861A04E-01 ,2996874E~01
. wuS0I237E4000,
- 430Q2ITE 000,
24SVR11AES00
=+ 4512116E400
«432D334E+00
~+4520AR4Z+00
+4535Y4AL 00 .
-2 453594354+ 00
245530445 40
~o#578046’000
¢ T5980Y9E+00w4]1 537345401 =, LOBSTITE + 00wy 39922SRBE-01
L= TBLI09GF + D=  10A3TINE +01=,16ASTYTE <OV ,43F225PE0]
T G T9HHII3E 4004, 756563336400, 11233148 +00«,69966770 31
~ e T5A63IIE 6003 T565 3306« 00, 11233145400 , 09046 /2E +D ]
T5LBIR2E (102 6527583+ 00~,7570298E 01»,499?3)55»03
o 75459825 400~ » GSETSRRE 400, 757029801 429701 5E-03
075360395 v Bl AG0T208E 200~ ,57634238 ~it i =, 4395301 £~01
v.Ta16039r‘Ga~~xaarPuuaouo-.s,ﬁibvbr-OI HAVESHYE~G]

V.« 1976B80E~01
+300807RE ¢ 00w 2861 504EAY

+6027B4SE#D D=y

<90T1856E+90-,1008127€408

IR RO ST X IS
it ST o s ry ST
NP ,\:w\" N

.

)‘In - ~ -

N T
T Sy
7 o)

X oA S
u o O

+8981266E~01

JB9HLZ65E=01

«699534TE~0L
«699534TE~01

.44996501E-01

‘4“965016-01
cZ?QﬁSSQE*Ol
+ 299655001
+9985129E~02
.9985129“—02

l°014l6€*00~;“$76301€*02*-v?BSlEQE*O&* °9£5129E~02
«1501415E+00~,43768018-02 [ VI85129E~02~,9985 129602
.kSO99:5E*00~.2197705€»01~.9988501c-0d-.cvvu“GOE-Ol
#4509955E+00~,2197705E-01 ‘99885016-0(-.2996S€0L-01
n75?6039t’00-.57636£§=-0l~.79930035~02~‘4?96501E-01
2 7536039E+U0 -, 5763626E~01" ,9993N0IE02~,4956501E-01
W1OKI28TE 401~ 1 123314E 400~ 9993353E~02- 699534 TE«0 1
.10)928?F401~>11 33146400 ,9993353E~02~,6995347E-01
0 1369627E 40151 87696964.00<, 29791 85E~112~,8981265E-01
ol36°6?7€091“.1876969tv80 .99/“18556ﬂ 2=,8941266E-01

«TOBEYTSE~D]
.7988075E°01
+59963RGE~0T
+59VHIRGE~0]
« 39971 26E~01
«3997175€~01
+1S97915E-01
+1997915E~01

~+1976RYDE~P1~,2296436E~010,
«ZI964ILE010,
v?ﬁ&?bc-ﬁl-;l9979165~01
+3008078E¢00=,2861604E~01 239E8T4E.D1=,1597916E501
ES3R921E~01=,2937844E~C1-0 39971 26E-01
.60278458*00*:55339?1F'Ol o PA9TI44E~01 23997126520,
9971836F000~.10d8127F000*e2998193E~"1-.v996385&~01
»2990193E~01-,59963856E-01
o1215479&001~.!662033E000-.P995526n'0l~.79880798 03
21215479E¢0)~,}662033E+20 ,2395528E~01~.T79R8075E-01

«6939161E~01
+6989151E~01"
2459657 TE=01
59966 TTE=91
2998203 ~0)
L 29982098 =01
«9993003£402 _
<9993003E~02.

c?w}5039-000 .15072082040~.5?636¢6E»?’-.b996501E~01°.9°93n035-02
536039'000 »15N2208E400-,57¢3626F-91 4996501E-01-,9993463E~02
?&waUPxFAOG »U52 15498 +00-,7570298E~ 01-.0397015E~0!-.?998209‘—01
. .7w4sqsaa¢e& WASRTHI9E 00+, 7570298E~01 L#IITVA5E=D}~,3998205E~01
9 .7?36?11E~00 3663’3E=09w.I;21314?»00-.&996677&«0l«,4996077EfOl
- 7»56313'¢OD,,7a$5531r400~ 11233145400 L499667TE-Y 1>, 000867 TE«NL
+ PEORDRIF 4 00 1B TINT 0 0L .lﬁnﬁlélrooo-.%?922&8£~01‘,69B91535-01
~2 753905355400 136ITAEAG1~,1635Y9TE«00 L0330 89886]~,6389161E~01
.v59BQ7£oﬂ‘~;?)35“42‘009~.19&9153 +00-,5383TIPENY ,508510REMD]
.10 5&»7”*a1~.9iv9%3?€~00-,x9%9;;3c¢6 SSPRIATIRE~DY [SEBGIARENQ)
1542087 Oﬁv*w5ﬁﬁ?304‘ﬂ_u-~197?96QC?060.@9?232GE~01 .39956‘1*-01
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INPUT*DECK TO THE TMAGE ANALYSIS. BRDGRAM
¢ POR THE EXAMPKE CASE -

«995908TE+00
2 9959037E+06
+9975002E+00
4997 002E+00
5987010E+00
-99370!05000
+9995010E+00
+9995010E+00
«3999003E+00
«999%9003E+G0
«999906G3E+09
«9999003€4+00
«$995010E+G0
«9995010£400
+$987010E+00
+JI9BTOL0E400

«89750G2E+00:

+9975002E+00
+9959087E+00
«9955087E+00
+98635¢2E:00
+9963552E +00
«SOT7502E+00
<997 7502E+00
~99B7510E300
V998751 GE+50
+9993511£+00
«9993511E+90
+S99551 GE+00
*9595510E406

1999351 1E ¢ 00
999351 1€ 400
«99B7520E+00

s T9BTSTVESG

+9977502E+00
+9977502E+00
+9533542E+ 09
«9P43542E400
$9°-03048E<00
996304 6E +0D
«997S002E+00
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+S9BIBOGE+ OV
«S9R20G5E00
«SYTT010E+68

295871 0E+CO

19987010E+0D
<9870 GE+00
«59B3GDLE 00
I9IEIV06E +00
:5975002E +00
«9975082E00
. 996304 SEF50
L 996 3046E +00
«SY5TE07E 60
299576078 G0
+596T519E200
+9067519E+00
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TABLE 2. CONTINUED

¢ 1059831E¢01 =, 3025055E ¢00~ o 1192769E~00-, 6994952E~01 ,1998555€~01
~oJ059931E+01¢302B08BE+00~,1192749E+00 ,$9%49526-01. +1998558E~01
o1059!065‘01~.5375286r'14~.J100223E*OO~,69Q54565'01 +355040BE-15
«e1059106E301045375286E-14=41100223E+00 «569954568~01 +3550408E+15

«1059831E+01 .3024056E000~.l1927496‘00-.69949525*01”.1998553:*0L

~+1052331E+01 +3028088E%00~41192749E+00 469949$2E°01-.1998558F-0!

1952041E+0}

»5GE8BOUE ¢ 05~ 14T2964E+400~3 653

2390E-0‘¢.39956315~01

= 1060041E+0) (6048804E+00=,1472564E+00 .69“23?0E-01'o399563lE‘OI

«10658470+01 4$135832E+00~. 19491538*00~.69837925*01-»59861085-01~

~e10ESRGTES0]) (9135332E+00+.1949133E¢00 ,6982792E-01~,5936108E=01
.137161‘E*Bl~ak:721045‘30-.207007l¢000~»8975266£~01 v2991755E<01
~e1371631E+01~:4572104E+00~ 207007 2E+00 .8975’665*01 +2531755E~01
.1369627E031-.lSZIﬁO&E*OO-.1376§69F*09~.3981265Eh01 +9979185E-02
—.l369627E00l—.15a28085~00-.1876969E«00 « 3981 266E=D1. 99721 B5E 02
.1369627€401 .15218085ru»~x18763696090-.3981266E~01n‘9979185€~02
~e1259627€401 .1521809ce00-.;,n6969F000 »B9BT266E~D1-599731855%02
S1371621E+D] s45T721U4E+00~,2070071E+00~,5975266E-01-42991755E~01

-.137163l£¢0) .45!2 0#8000~.2019071€+§0,,9975?665~01-.2991755€°0Y
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EXAMPLE CASE

'l;20931&*00’,1?713365‘01'-16162625’00‘.99930265'0?
~ 1820931€400- 01271 33654014 ,16162612+400 IIII026E=02
.l512666F000v;950458554060.9:56723?-0l-.1000032E~0*

© o 153 266AE400-,9404595E 200~ ,9256723E~01 +1006032E<0],

VISC6R29E 400~ 656 I410E 30D~ 24 I9BBTCE=01=,9595231E~02
=2 1506859E 400, 65434 30C+00=.53938745-01 ,9I96231E~0G2
«1503133F 400~ 3514519E+00~,1419798E =01+, 938971 3E~02
« 1503133 400-,3526519E400-~,1413798£-01 ,3989713c~02
e 150141 1E100= 59474205 ~0 1 = 24 35256E 02+, 39951 79E~02-
~e15614115+00+,5047470E~01-,2535256€~02 , 9985179602

. !‘3"1590 $(’0

~e 13G1590GE+00.

«1503679¢%00
--15036795600
o!707777&000
e 15977T7E00
.;5}qpa?°eoe
« 151 4067E4D0
«1522941€+08
- 1522941800

~4536455E 400~ ,8083539E +00~,8406550E-01~,

~ o 6534455  « i~

'?4977035000~.82bﬂ?¢78-02-.9964237E~02

.?¢¢77d3F000 nBRUB2ITE~C2 ., 996423 7E~02-

S S

™ i 667“‘095‘00‘
10074452400

~8080268E-01
+8080263E=01
»6073204E=01
-+ 60782 C4E<01
407731 9E~01
_eSBTTIIFE-0L
«2079277E-03
«2079277E~01
+B2635R9E-03
.£263583E-03

.:504273*¢OO-.3169106E-0X-.9?86319‘-02~.191456:E-01
v5504273E¢00~,3169106£+01 ,3986319E402~,1914565E»01
.85(60505000~.7328099E~0l-.9988529E~02~.3912548E~01
«B526280E+00-,7328099E-01 ,99BBS29E~N2~,3912548E<01
~1157630E 401+, 1340681€400~, 99866535-02*.590673QE-01

.11576$0E+01~.13“0681E¢00

«9284653E+02~,5906734E-01

51467639£*0‘~.2157906"00- FI62TBIE~02~, TEB21 99101
6&76:9?001~.?ls74065+00 «9962789€~02~,T882193E=01
u~355799t+ﬂﬂ~.ll17147t001*.1432360E000~.299849RE-b1

*.ﬁ5557°9roOO*.ll171*16001-,!#323605000 « 2998824801

3 0999840E~01
(BOB3ISI9E+00~,8404650F =01 (2IIIBLAE01

»452002RE+00+-,5035956E+00~, 4452RZBE~0 1>, 2998582E-01
~ 245200222 (Gl 5035956E500~,4462838F -1 ,2994582E-01
v6511929C+4003,701415GE+00~,2374495E5D1=,25270956~01
n.4511829F000-¢202u}505&00-.(37449:E~01 «2IT0ISE-0]

,RSDQQQQF;HO
»0512929E 4110
- 45 12929E400
+B2522295¢8 509

»9943»78E-01~.2073429E~01~¢29963OSE-01
+95434TBE4Q1~,2073429E~0) L 2996305E~01

¢ ICTT401E=01
+3077401E~01
«7079805E~01
»7T079805E~01
»5078356E-01
+5078356E~01
+3078615E-0}
«3078615€-01
+1080872E~01
+IC80RT2E~01

<4001250F + 0, I562U6BE~01~,2996372E -1 =, 9164072E~02
«4f01250E¢00~,3542068F~01 ,2096372E€~01-.91640722-02
a701525%7600-.6809?498‘0! «2926166E-01-,2514142E=01
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«9973503E+00
«9973543E+00

».9975502‘”00

+9975502E400
099735015900

0996?5195000

BE760TE+00
.99576076*00
$9955146E+60

‘.99551465'00
S9959087E+00

29955908 7€+00
+99590B7E+00
«955F087E+G0

+2955146E+0C
~.9QSSIQEE+00 .

28948621£400

+906B621E400
«9966799E+00
« 99667935400

.+9981010E+00

+9981010E+00

209992 185E+09

«5991185€+00
+9997339E+00
45997339400
+9999638E+00
.9?996985*00
«9997668E+00
«9997668E+00

+9991844E+00.

+9991844E 500

«9982041€+00. -,
+9982641E+00" -

+9968389E+00
«9968389E+00
«9954199E+00

«9954193E+00-

+9970395E+60
+9970395E+00
29982594E+00
«9982594E 00
«9930766E+00
«9990766E+00
+9994926E+00
+9994926E4 00
+9995050E+00
«9995050E+00
«9991260E+00
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TABLE 2. CONCLUDED

~+4522295E+400 LT018288E+00~,6809249£-0] 02956TRHUE=D12429164142E=0]
«4538045E€500 .1095HIRE+OI-.l195&05E000-.a9960896~0l-,a909966€-01
~e45380455400 ,1005819E401~,119540554+00 +2996083E=01~,49099656E=01
«4561005¢+00 .13)35905001-.1911707Foou-.89915775-01-.68939?15-01
=+45610057400 13138R0Ee0]1~,1911707F L0 $2991577E-01-.6893931E~01
.75068615-00-.96560535000-.14859315'00-.499’112E-01 +8076723£-01
“e 7594451 E+00=,9554053C+00=, 1485931F+ 00 »4997112E-01 ,8076728E~01
.7564306?»00-.6580:7&EoOO-.95«88?0E-01-.a999!185-01 «6079517€~01
T =e75643N65400~,6580774E+00~,9848870F-01 +%939118E~-01 ,60795]17E~0;
.75a4993£‘00-.15392075000-.67842125-01-.49980588-01 «%40793]17E~0}
=+ 75649936400~,3533207€400-,67842126~0] +499R0GRE-01 ,4079317E~01
.75360095000-;5175816E-0l—.55669785-01~.ﬁ?9664#5-01 «2089070E~01
=e73360095400-.5175816E~01~,5566978E-31 +4396644E~01 ,20B0C70E-01
» 1534957E+00 ¢ 24954 SHE+0)~,6153815€~01-,4995974E-01 8189224503
=+ 79369576400 ,249Y6458E+00~,6153R155-0]) +#295874E-01 ,8189224E-03
« 754789AE 400 .55l6903E000~.85505725-01-.6995916E-01-.!9157535-01
~+7547R955400 ,5514903E+D0=,8550572E~01 «49953168-01-,1915763E~01
7559363700 .8590217E000~.l381317E‘OU-.Q993523E-0l-.39113535-01
=e7369.63€400 .85502;7€+00~,1231317400 »%493523E=01-,3911353E=01
W TB0247TE 400 +1161654E401-,1905556E+430~,498564616E-01~,58975055=01
=e76026TTE00 L1161654E401~,1605556F+00 ¢ 43B6416E-01~,5397505E=01
.l965453?00l-.8159352E000-;l7782785000-.69905308-01 «70732758E-G1
*.10634516001~.91593625000-.17782786*00 «5330430E~01 « 7073275€-01
,10518156001~.508880§E000-.13633795000-.59956495-01 +5078517€+01
~¢105191SF+01~,S083B08£+00-,1 363379F«00 15995649E-01 ,5076517E-01
.l0597565ool-.20460585‘00~.l1431238‘00-;59961755-01 «3079913£-01
=e1050754F 40 ]+, 20¢4054E400~,1143113F+60 «5996175€-01 ,30799]3E-01
210891, 1401 2 I824847E-01-,1199332F+006-,5595073E~91 «1081261E-01
=e1035171E401 ,9R24847€-01~,1109932E+00 +5395073€-91 ,108)261E-01
+10500405401 .ano94325¢ou-.)2615425«oo-.59929cRE-01-.91625155-02
~o 10600405401 GN034326400~,12618425400 «5932908E-01-,91625155~02
»1052407E 401 .70&7&%9[000-.1602140E¢00~15987994E-0l-.29106406-01
=41052407540) .7067“%9E¢00-.1602140500Q +5987994E~01-,2910640E-01
+ 1055450401 .IOi10515.0l~.)1399036000-.5975821E-01-.48953815-01
=210664005+01 ,1011053E+01+,2137303F«00 +5375823E+01-,48953815-01
.13714166‘01..36006395o00-,19892725000-,8979546E~01 «40755%2E~01
=+13714165401-,3600639E+00~, 1989272E+08 +33795446E-01 .40755528~01
.l3496}75o01-.5“90982E-0i-.18566595‘00-.89321755-01 «20803635E~01
-.l363517€oﬂl~.$a°0982£~01-.1856659E70c +3382175€-01 ,2080345E=01
« 1369318801 .2“9“1972000~.19168386~00-.%979!525-01 «8503990£~03
-+1359313540) «2494137E400~,)916838£4+00 «9979152€-01 ,8503999£~03
«1372035z4+01 .54626ﬁ26~00~.21705405’00-.3969610E-01-.19062695-01

*» 13720356401 ,5542642E400-,2170540F+00 ,3959610E~01~,19062695-0]
003 0002 g 4
& 3 19 ol 50. o0 90,
21,0015 «0015 -
" =003 40073
«0002 9 4
30

et

9991 260E100
«9983444£+00
+9983444E+00
»9971T722E+G0O
29971722E¢00
«9954795E+00
+9954735€+00
«996897CE+09
+99689T6E+00
«9979168E400
«9979168E+00
+9985343E+00
+«9985343E+00
«3987509€+00
.9987509E+0D
«9985578E4+00
+99USH6TBE+00
«9979863E+00
«99798635+00
«9970133E+00
+9970133€+00
¢9950428E+00
¢9950428E+00
«9962565F.+00
+»996256SE+00
«3GT0741E+0D
+9970741E+0Q0
«9974918E+00
«9974918E+00
«39750998 400
«997509GE+00
+9971307€+00
«9971307E+00
+9963620E+00
+996362CE+00
«9951260€4+00
+9951260€+00
¢9957406E+00
«9957406E+00
«9959602E+00
+9959602E+00
«9957867E+00
+S957867E+00
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TABLE 3. LINE PRINTER OUTPUT FROM IMAGE ANALYSIS PROGRAM
FOR EXAMPLE CASE

oN-AX1S 28JECY EXAMPLE CASE .
IMAGE PLARE UISTANGE zJa:Jtox?
X AVERMLC LN lvEFALE Se '
*13565381€- 08 + 20 1165EwR B :
=0 0@565331E-35- 20811 uhE=J0 3. .
= PehISI9EN »5223525E~03 [
v o OB IBE AT e 57283766002 Oe
$5602961€~ = 2763730803 3.
LT IEAI0 27327 INEFID 3,
«20985846-C3 ~s62971%2E-13 ¢,
~e2338L64E233 e h29TL42E 03 0
23665235603 =+3068235E-03 0.
- *+30092 L5 c e 30522 IS =03 6. -
+3153235€-11 «Y2€I2ISE-L3 8,
=e30602358483 -  .,3063235E4C3 [
v239A56KE 03 n297142E02 1. - -
©s2398564FadB v ~ 5267142EC3 %,
S837361E£-04 «Z7ITIAE~D e ,
P I T LT YT N VRN FIT 2 PY FYL ¢,
~oT45Y539€ 00 ~o5323326€-03 EN
7663530006 .. ~o5723326E-33 3.
. 26653C1E~0% ~e2411146E-Ch Yo .
12855308 Ea3B . am el 1L LLBE -Gl 9.
~226C6L27E-(3 +e816379C-03 EN
01656432828 F ey o2 16 97HE~LI Geo
#e37830E5E-C2 +3562329€+03 0,
V17803558 2IBw e ¢1562829E203 3l
«1354929£-07 =:2693567E-02 de
“e3868929E403. - -« ~.2690567€-33 [
«53CR66TE-0) =3837384E-03 0e
©e53046636033a db 3139633 3.
b5ITTTGE-C3 S .. 0. - =
=663T749E-83 . C. [ R
$E3633E 0% «38371009€-03 N
“a33CL653E6 4 +3537109€-33 3.
«19689292033 VLIS TE I 3.
- *e1 868929633 e 2693882038 . O
*el733065E-33 ~o35€2129€~¢3 © 0,
178106500082 «.356¢2028C05 O
=e3H36L27€-23 o4l 26375E-33 N
1656462783 “owh 1697503 3
~.25T6TITE-53 +3566900€-43 a.
12536717633 156333503 e . .
eI ILS2TE-E3 ¢ 3738527603 '
I7INSTEIToe . L ST2NE2TE I — By
~e3933631E -0k «1162178E-C6 0.
BE3ETIIT-L1T SRS PE TS 217 TS
«2703734£-03 “e5007961E208 0.
023337308 add oo cnne3hIRRNILAN.. I,
«27U3736E-07 8607963 E-Ch [
=ePTUITINE-03. - .o 5457963€-50 . 0.
~e393)632E6-04 o 13621785 -Ct % N
21933531085 .. mo1352128C=24 ™
- 37305276-21 e 37I0527E-53 0.
RS £ TS T FINS SRR T TTATS 2T X [N s
*.2534217€-93 ~e354A930E+03 [
«2536787E-03 ~e350L950E~8S [
«1679)27E-33 ~ 12074 37E3% .

“J3h73027€-53 “e328F037E-C3 S
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TABLE 3.

~ 5578633k ~03 «3183852€-03 3.
5574630£-03 3108852003 S
~e586752565-33 ¢3614585€-33 3.
@SOLTHRGEADY e —o161uB43K-03 [
«e3067951€-93 «2563043E~12 8.
oSI2WUIL-2 . - 225633n2E-37 3.
~e58675C6E49Y “s2638553E~C3 [
——nedB3IL~2 . 2,
~«5570630E-92 ~e3188852€-03 0,
BETe83e8203 e e d) 848526403 LB
1478027803 *1267637€~03 6.
“olhZI27E¢33. . e L20FN3TESI3 - 3,
0120938¢-23 we2368639E-0 Cs

o mebl28938£433 .o wle ..
. T =e2638866E-04 *2665301E-05 (-2

VT eTRILEAGE LN cr e 2645301 LA 0B e B . .
“e2612886F20 =22665331£-35 e

26333088035 i 2026653085005 e B0 .
«6120939F-03 «2061083E-C3 0.

261289320003 23415485a01 a

PLOT ST26 TiC SPACING TIC £42na3512¢9
o enend RIS IE sl ¢ 4253337 23E-23 ]
e R
NFFREDs 1¢ STLPTING Fregs 3,050¢
TIC 704381% [ TIC CHAPLCTERSa .
FREQUENCY Lidd [at FIa LEAK 4
8.50% - 1.808¢- $.0332
58,6438 +996L 2933
136.302 - «3776 e 3.32)8
153.333 9532 2,863
e 2880808 vt e e S128 e men £.000%
250.5¢0 +366% T.233)
338.33¢ <8125 . £.3683
~ 153,323 7522 Je3233
&3C.808 BEEART Y ° X e 0.903¢
YN, 083 «b12¢ 0492432
SRl s L Sl . . C.8832
$53.380 4293 33D
6334332 - k16 - (:13-H
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Appendix A
FORTRAN LISTING GF TMAGE ANALYSIS PROGRAM

PQOoRAH BAINUINPUT,QGUTPUT F ILKPL, TAPES=INPUT,,TAPER=2UTPLT)
COMMON/RAYS/X(2011,71208),2(20%1,0X32011,Q2Y¢2012,Q20201Y,
INPR,LABIL (o] 4 XAYG s YAVG, 08D

DAT& ICENT/IHCENTER/

c READ INPUT PARAMETERS
L REAI(5, 500 (LABEL{I) 2 I=L,45)
IFIZ0Fi3)2 453,114
1) STgP
11 CONTINUE
163 FORMAT(3A10)
ARITE(GE,107) (LABELALY 411,50

1u? FORMAT{1#L,5410) e
c GELD IS SIeNRD OXSTANCE FRO* LAST SURFAGE VERTEX YO IMAGE PLAXE
READ(5,132)0ELD -

o162 FORMAT(F1G.3) -
HRITE (5+1u3)
HRITE{6,198)DELD
108 FORMAT{LH 2GHIMAGE PLANE DISTANCISXEL3.T7)
CrO¥SIIEBEEIIL 520K S
C .
C READ DLCX PINCHED 8Y FOLDP
REAI(S,223INPR
103 FORMAT(I16)
00 104 I=1.NPR
100 READIS,105) XL oY (T3 4 2CT QLT ,QV L) ,Q20])
155 FORMAT{3E13.7)
CressnsssevssaPVIIER
c
c COMPUTE COORDINATES ON IMAGS PLANE
J0 186 I=1,4PR
XCEP=1OXLE/QI L0 S CDELN-ZLTD I 4 X(D)
YOI =(QYA5) 76711 VS LOELD-2CL) 2 oY T)
168 2463) =G,

FHPR=NPR
XAVO =0,
T YANG=D.
c
c TRAMSLAYE ORIGIN TO hEHTFQ OF BLUZ

00 201 I=i,¥FR
XAVG=X£EG+X (T}
261 YAVG=YAVGY(I}
X3V3=XAVG/F PR
YAVG=YAVG/FNPR
00 202 I=1,NPR
X (I} =X41) ~XAVG
€02 YLI)=Y(I)-YAVG
205 WRITE(6y153)
103 FORMAT(1H ) _
HREITE oy 116) XAVGy YAVE -
110 FORMAT(1H (3HX AVERAGE.SXE13.7+10X,9HY AVERAGE.5XEL3,7)
WRITE (o103}
80 203.K=1,4PR
253 ARITE (o 20m) X{K) 5 TEK} 4 Z(K)
20% FORMAT(1H ,3(5XEL13.73)

CALL INITIL
CALL RAPLOTS

R CALL MTF
CALL SCANS
60 10 1
END
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SUBRQUTIINE RAPLAT

bJ”*QN/QAY:/X(Z}L’!Y‘?ﬁl]02(241,!QK!ZQX)QQY(201’0Q2‘201)!
INPRILASEL (5}, XAVGE , YAYG,0CLO

-
c REA) INPUT JATA .
REAT(S,1032SCALE«QELT XY, NINPHS ¢NCHRS
153 FORYIATI2F134G9 20110}
SRIYE(oy 10}
304 FORMAT (181,75M PLOT 5I2E TIC SPACING TIC EMPH
LASIZED fIC CHARACTERS)
WRITE(Dy 103 SCALE » DEL TXY 4 NEMPHS o NCHRS
105 FORMAT{LH +2(#XZ15.8)+2(15XI4))
XLEFT=~SCALE
XRIGHTSSCALS
¢
¢ GRAN X-Y P.OT

caLL GRIU(XL:;1;XRIQWTQX‘=rT'K\IgﬂTqO:LTK{QQtL7XY,N MP4S o NELPHS
ANEHPHS yNEHP4S , NCHRS  NCHR3)

CALL PRINVI(60,LABEL,270,100d)

CALL PRINTVE-G,SHX~AXISy530,03)

CALL APINTI{L,=184=5.6HY AXIS5,345%0)

CALL APLOTVINPR, X, Y8 983 Lokl JERR) -

CALL PRINTV{-37,37KHBiLUR CINTER X = ¥ =410G,20)
CALL - LABLVIXAVG 3244920 9~By1ivl) )
CALL CASLVIYAYG 4 40442804~591,1)

CALL PRINTY(-17417THIMAGE PLANE 2 =4180,0)
CALL LASLVIDELD 26090400151

DRA4 Y-Z PO7
CALL GRIDIXLEF T XRIGAT HXLIFT o X2LGHT 4 IELTXY ¢ JEL TXY ¢ NIMPAS ,NEMPHS
LNEHPHS yHEMPHS s NCHRS < 5THRS)
CALL PRINTYIAO.LABEL+275,+1£030)
CALY PRINTV(=645HZ-AXIS450041%) -
CALL APRNTY(Ge~L6o=5,6HY AXIS,0,690)
DALL PRINTV(~37,37HBLUR CENTER X = Y =4400,20)
CALL LASLVIXAYG 1244 4209-B4141)
CALL LABLVIYAVG 4Gk, 209-65141)
SCALL PRINTY(-17,17HIMASS PLANE Z =,10840)
CALL LAGLY(IELOs2 U4 eTe~Balsl)
J0 250 I=1.NPR
LZ1=NXVIXL2FT)
122=NXVE{XRIWMNT?
YL=Y{I3+XLECTHQYL 1)1 /7Q2¢(]) .
1FLABS(YLF JLELARSIXLEFT)IGO 1O 201
ZANSWSXLEFTO(SIGR{XLEFY YL =Y{T}} 7 (YL~-YLI))
YL=SIGHIXLIFT, YL}
IZ25=sNXVEILNTH)
201 YRSV (LY&YRISHT*QAY(I)/QZ(I3
IFLASS{YR)LLEJABSIXLEFTYIGI YO 202
ZANEW=XRIGHT S (SIGRIXRIGHTYR) =Y{I}) /{YR-Y{]}}
YR=SIGNEXRIGHT ,YR)
I22=HX Y {ZRNEN)
202 IYI=HYV(YL)
Iv2aUYVIYR)
200 CALL LINEVIIZ1,1IY1,222,7Y2}
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302
300

. . : . X [2 .
P P S Ry SN PUE 20, = 29 5 SR SR St T S S

RRAW X~Z PLAT > .

CALL GRIDUXLES T,XRISHT XLEFT yXRIGHT yDELTXY yNELTXY s NENPHS s1054PHS,y
LNEMPHS yNEMP4S + NCHRS ¢ NCHRS)

CALL PRINTVI6G LABEL,270,1000)

CALL PRINTVI-{8HZ~AXIS4500+0)

CALL APRNTV(Do~1hy=hq6HX AX1IS+04+600)

CALL PRINTV{-37,37HBLUR CENTER X = Y %,100,20}
CALL LABLVIXAVE:25649209-5914+1) .
CALL LABLVIYAVD4044205-691¢1) -

CALL PRINIV{-L17,17HIMAGE PLANE 2 =,100,0)

CALL LASILVIIELD9264909=691s1)

20 306 I=1,NPR

T28sNXVEIXLERT)

122=RXY{XRISHT

AL=X(I)eXLEFTHAXIIN 732K

IF(ABS(XL).LELASS(XLEFT} G0 TO 301

ZUNENSXLEFT® (SIGNIXLEFTyXL) =X (I} )}/ (LL-X (1))

FL=SIGN{XLEFTy XL

TZ1=NXV {ZLNZEN)

XR=X{X)eXRISHT*AX (I} 7QZ(T) |

IF LABS (XR)ILE. ABSIXLEFT) 76O TO 332

INZU=XRISATH {SIGNIXZIOHT ¢ XD =X {I) ) 7 {XR=X{X))

"KR=SIGNC(XRIFHT yXR} :

IZ2=NXV(ZRAZH} )

IXLENYVLIXL)

IX2=NYVLXR)

CALL LINEVIIZ1,1IX1,122.1%2}

RETURN

END -
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SUBIQUTINE 4TIF

A SULROUTIAZ DESIGNED TC COMPUTE THE HODULATIOM TRANSFIR FUNCTION OF AN
OPTECAL SYSTEM WITH MODERATE ABERRATIONS.ALSO UOMPUTED XS THE PHASE
ANGLE PHI ASSOCIATED WITR THZ NTF.

OO0

CDﬁHONIRRYSI!(ZOi)oY(Zﬂii;Z(aﬁi)9QX(281)73Y(201’922(201ioNUHo
LLABZL(6) ’

JIMINSION XP{503 YPISET, ANATFISH) JFREQLISE) 4PHINS0) ,TX(201)
OIMENSION F4ETAC2)

DATA CVTQ,ld0P§/0.917k5$£9,5-2831353/

REAU IN PLOT CONTROLS. 3. J3F FREQUEKCIES, STARTING FREQ.,
DELTR FREQ.» AND THO AXIS ROTATION AHGLES

DT O

READ IS, 1103 NEH?ﬁS,HCHR!oHFQEétSTFREQ'OFQEQ,TNETA(1"TﬂETA(Zl
116 FORNAT{IILJeoF1040)
THUA=NUY

3

c SET UP PLOTTER ’

A1=STFRZQ >
. AZ=AL+ (FLORT(NFREQ)I+ L.t *DFIZQ
to 22=0.

Av=t.? . )

CALL GRIB{A£4A3)A25A4  OFRI94059 NEHPHE » 4 ¢ NENPHS 3% ¢ NCHRS 3)

CALL PRINTV{6Q,LABELs2.0,5000) R

CALL PRIMTIVI<I,IHFRIQUENCY5C08+3) -

CALL APINTV(Dy~Lbp-L0y BHMODULATIOH,3.600)

c -
c

90 215 Le=3492

FREQ3:)=5STFREQ .
C ¢
c ROTATE AXE3 USING THZTAL(LS) AND COMPUTE X~PRINE{(K) S0 EACH XK}, e )
c

DO 515 K=1,NUN
115 TXIX)=A(KITSOSCTHETALLAY *CVIR) ¢ Y(K) *SINI(THETA(L2} *C¥ TR}

00 130 J3=14NFREQ

REGL=20.0

REG2=6.0

v D0 £3I5 JZ=gl.RuM

REGLSREGLCIS{THDPISFREQIIZI®TX(J2))

REG2=ReG2¢SINITHOPISFRELIIZ) *TX(J23) .
135 CONTINUE -

AS=REG2/ THUY

AC=REG L/ TNUY

COHPYTe MIF FROA AS+ACAND NUM.

OO0

ANMTF (U3} =3IRTLACRAS e a5%4S)

PHICJI3)=ATAN(AS/AD)

AP (J3)=FREQLSLI)

YPLJIL) SANNIF LIS

FREQIJI+1)=FREQ(JIIVCDFRED
130 CONTINUS ’

52




N N e <A . DR © Ena o
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AR v oem ew
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TR MR TR TR,

£

C
G FRINT QUT HARD GOPY OF RESULTS,
c

S

WRITE(0y154) NFRE :¢STFREGe07REQy THETA(LY)

150 FORMAT{1H1,3X,® NFREQ= %,15,8X,* STARTING FREQ= ®,F1d.y8%¢ *

LDELTA FREGE *,F10.ky6Xo* THRGET ORIENTATIONz ¥,F10.4y///)

WRITELby 460) NEHPHSNCHRS

160 FORMATL  943%,% TIC EMPHASISz *,I5,8X,* TIC CHARACYERS= $,I5,///)
WRITZ (6,155} i

155 FORMAT(L10X,* FREGQUENGY %;10X,® MTF #,10Xy% PHASE ANSLE *4//7}
WRITE(6:153). (FREQ(J4) o ANNMTF (Jh} PHI(J4) yJb=1,NFRED)

158 FORMAT(8X:FL0e3,8XsFalokeBXoFLd,i)

e A S A T B e SR T A

"R

o e s e SRS ST W TR, AT T E,

o

2, _j > :‘,-%"g,'.é

SHS

¢
c FLOT MTF VS. FREQ.
c

IF(L&42Q. 1) GO TO 182
TF(L4.EQe2) 6O YO 123
102 GALL APLOTVINFREQsXP(L),Y2(1) 42y1,14634IERR1)
50 TO 104 .
163 CALLAPLOTV(NFREQyXPI2),¥P{1) 41,14 ,38, IERR2)
104 NFR=NFRIQ-1 . . .
D0 101 II=1,NFR - .
© IXL=NXY(XP(II)) ’
IX2=NXVIXP(LI+1))
IYi=NYVIYPC(II})
IY2=NYV(YP(II+1))
101 CALL LINEVIIXL,IY1,IX241Y2}
215  BONTINUE
QF FURL
END
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SUSROUTINE SCANS

i aavms = FaaanSu N e R ARNPR
H

€ ICGCCCCTELECCTCCECCatlCrCiCECCtCCCCCECCECCCCCCCCICEIter  COCCLT SCLCCCLCEECe
© G 5 THIS SUSROUTINE XS DESIGNEO TO SCAN ACROSS THE SPOT D 7 *AM ON THE INAGE C °
§ C PLANE OF TrE OPTICAL SYSTSM,USING EITHER A RECTANGULAK '~ SIRCLIAR QAPER-
€ © TURC.THE USZIR HAS: THE OPTIONS OF CHOOSING THE CENTER OF SC:N COURDINATES C
C 5 HIHSELF,OR USING THZ DIAGRAM- CENTROID AS SCAN: CENVERWIN ADE: TIONKE MAY €
€ © EXANINE THS DIAGRAM TROM A SPECIFIED TILT ANGLE ANDZOR A SHE™ (7 XED TRAN- €
€ 5 SLATION OF THE COORDINATE AXES.THE OUTPUTS ARE THE LOCATION OF HE CENTERC
C 3 OF THE SCAN APERTURE,THE NUMBER OF SPOTS ENCOMPASSZD BY THE APE® JRE AT C
C 5 THAT PUSITION,AND THE NORMALIZED VALUE OF SPOTS/POSITION RELATIVE TO YHE .
C 5 MAXIMUM NUMBER OF SPOTS,SCANS ARE PERFORMED IN TWO YUTJALLY PERPENDIC- €
C £ ULAR DIREGTIONS. c
€  CCCLCCCCCLCCGoCeeeeeCCeeeCCtClECCCCCCCCCtCCCCCCCCECEECECCCCCEeCCCCeecleeees:
c .
COMMON/RAYS/X 82010 4¥(201) 421201) 4QX 120175 QY (20109 RZ(201) o NUM, ‘
LLABEL(6) :
DIMENSION ¥5(100) JNNUMC(130) ANNUMC(100),VNORN(108? .
DIMENSION ANUMC(100) ¢ ANORM(£00) 4XC(100) 4NUNC(100) . .
OATR REVOLV/GHROTATE/ i
DATA ICIR/o4CIRCLE/ |
; DATA GVTR/.31765329/ t
48 ANUM=NUM 4
B ¢ 2
g C READ IN APPROPRIATE PARAMETERS AS FOLLONS=~ !
v c NS=NUM3ZK OF STEPS USED IN SCANNING PROCESS. :
Y c €S2=VERTICAL DIMENSION OF RECTANGULAR APERTURE . i
c SSL=HORIZONTAL DIMENSION OF RECTANGULAR RPERTURZ. : '
c R=IF SPICIFIED,LET $51=552=0,RADIUS GF CIRCU'.AR APZRTURE. ¢
c YTR=IF SENTROID NOY USED,GIVES Y-COORDINATE OF SCAN CENTER. :
c XTR=IF CENTROID NOT USED,GIVES X-COORDINATE OF SCAN CENTER. :
c TILT=ROTATE COORDINATS AXES TG THIS ANGLE AMG COMMENCE SCAN. :
, c KEY=TYPZ-~ GIRCLE == IF GIRCULAR APERTURE USED+ITHERWISE BLANK. p
' ¢ A1=NEGATIVE VALUE OF SCAN LIMIV, {
: o c A2=POSITIVE VALUE OF SCAN LIMIT, .
ks ’ c ORIENT=IF=~ROTATE-=TYPE) ON SEPARATE CARU,SS1=552 AND S§S2=5S1 FOR i
g c Y AXIS SCANNING, ‘
. £ 0X=TIC SPACING YO BE YSZD ON PLOTTER : i
b c ON=LABEL AND EMPHASIZZ ZACH NTH TIC ON PLOSTER JUTPUT. !
bz c
2 READ(5,700) NS»SS1sSS29Re Y TRy X TR, TILT,KEY
58 700 FORMAT(IL095F10.,0,A6) :
7 ARITE(6y790) NS,SS1+SS2yR '
. 796 FORMAT(1Hi,* NO. OF STEPS= %,110 ,5X,* APERTURE WIOTH= ¥,Fi0.4,
B 15%y® APZRTURE HEIGHT= %yF10.4,5X,* RACIUS= *4F10444///) e ‘
. WRITE(65798) YTRyXTR,TILT,4EY .
R 798 FORMAT(1MZ.® Y TRANSLATE= ®oF10,445X¢* ¥ TRANSLATEZ %,F1044y5Xs* T
b - LILT ANGLE= ),on.u.sx.v APERTURE KEY= *4A6y///)
24 11 READ(5,701) Al.A2 - :
7 701 FORMAT(ZF10.0)
B WRITE(69802) AL.A2
g ~ 802 FORMAT(1H0,* LEFT SCANS #,F10.4,10Xy* RIGHT scuu: *3F10.40777)
. RELD(5,815) ORIENT
3 315 FORMAT (A6)
5 IF(ORIENT.EQeREVOLY) WRITE(5,82))
g 820 FORMAT(1M0,® SCAN RECTANGLE IS ROTATED THROUGH 90 0IG FOR Y SCAN
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1¥)
IF(TILT NE3s) GO TO 3

N i i £ AN Y AT SAAT A Vs e

826 CTD

T N P e S FS AT

IFCUYTRoEQeDe? sANDL (X TR.EQe 302 GO TO 10
c
C PERFORM APPROPRIATE COORUINAT’ TRANSFORMATIONS USING ROTATION AND/OR TRANS-
C LATION PARAMETZ?S, ’
c
3 TILT=TILT*GVTR
SINT=SINITILT)
CIT=COS(TILT) :

00 15 J=1,.NUM
TL=X{J)=XTR
T2=v (J)=YTR
Xt Tl'CIT#'Z’SIT
13 Y(J) =~TL¥SIT+T2%CIT
10 IF(KEY +£Q. ICIR) SS1=552=2.3%R

4ORIZONTAL SCAN BEGINMNS HERE,
COM>UTE STEP SIZE FOR SCANNING.

OOOHOO0
¢

ANS=NS -1
SS={A2~A1)/ANS
€ COJINT NUMBER OF RAYS

APERTYRE AFTER EACH SCAN 3T:zP.
c

* WETHIN TH

00 $26 J=LsNS

RJ=J A

XC{JI=2AL+(RI=1.0) #SS by R

NUMC (J) =)

00 1186 K=iyNUM

IF(XEY +EQ. ICIR)
- XBL=XL (J)~55178.0

XBR=XC{J}+3351/2.0

y8u= +332/7240

Y80= ~55272.0

60 TO 112 -

TFUX(K) «GEXBLeAND X (K} LEXBRIAND Y (K)o 3E« YEDJAND oY (K}, LE L YBUD

INUMC (J)=NUMS(J) o4
GO t9 118
112, 0=SART (X £K) ~XCL{J)) **244Y (KYI#%2)
FIF(ABS (D) oLE4R) NUMC{.J)=NUNS (J) 41
118 CONTINUS v
120 GONY INUE

c
C FIND HAXIMUN VALUE OF NO,
c.
HVAL SNUMC (1)
.30 137 J=2,NS
130 MVAL= MAXO(SVALNUMG(J))
03 .14 J2=1,NS
ANUMC {J2) =NIHE (J2)
AMVAL=MVAL
140  ANORMCJ2) EANUMC(S2I/A <AL
WRITE(6y20))

OF ARYS AND HORMALTZE £ACH NJIMASR TO THIS,

CIRTEST
}
;
i
1
{
{
£

SIRTEST 3
N

CIRTEST

CIRIEST

CIKTEST

PR D S vrr e

200 FORMATCLHI3X+® X VALUE %,19X.* NO. OF RIYS 510K +* INTENSITY %,
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ARCE L N - . hiad

HRITE (b.’L)’ (thJ)rNUHBtJ);ANOQM(J)'J 11NS) ) ¥
265 FOR%AY(o\aFiG-k,SX,Iiﬁvilx, 1044} A\

VERTICAL. SCAN aecxuS‘nzaa.

coOoNOo
}

- ROTATE SCANNING RECTANGL- THROS3H 9¢ DEG IF THIS OPTIOM HAS CHOSEN.

iF&OQIENT.c}.QEVOLV) 60 To 207
GO T0: 208 )
207 §582P=382
$52:551 - o ks ‘
SSru5528 ) :

€ COUNT NUMBER OF RAYS HITHIN THI SCAN APERTURE AFTER E£ACH SCANM STEP.

c
2u8 DO 2206 JTL4NS
HECN] ] .
YOU(J)=AL4(RI=1,00 ¥55 :
NNUNC(J) =6
00 218 K=3i.HUM
JIFLKEY «EQ. IGIRY ‘GO TO 212
'%BR=  #3551/240 .
R ~35172.0 ., . :
YBUEYC (3 532728 . .
YBO=YG {JI=3527240 -
JFAX(K) o GELXBL W ARD X (K} SLE, (BR.AND.Y(K). €,YB0.ANDY(K) LE.YBUY)
LNNUSCE 2D NQUMG () +1
50 70 218 - CIRTEST
212 OESART (LY (KI=YS(JII®*2eX (K)**2) -CIRTEST
T IFLABS0) WLE. R) NNUMCLJ) =NNUMCI(J) +1 CIRTESY
218 CONYINUZ
220 CORVINUE
¢
C FIND MAXYIMUN VALUE OF NOs OF RAYS AND NORMALIZE EACH NJMBZR TG 14IS.
c

ITan ok we weart e Aed el N

o ant

P Y A

HVAL =NAUMGEL)
00 23C ‘J=2,NS
230 AYac= HAXD (AVAL JNNUKG ()
00 246 J=14NS .
ANNUNG (S) =HNUMC(J)
~ T AMVALTMVAL
2«0 YNORN{J) SANNUNC{J; ZAMVAL . .
WRITE (59 303) .
’ 300 FORMAT(1H1+3Xe® Y VALUE *,10X+* NOs OF RAYS *,10X,* INTENSITY ¥,
W27 h
WRITE(593057 (YCULL) JNNUHG (L) o VNORMIL) yL210)1S )
335 FORAAT(SX4FL0+4s5%eT10011Xs510,%)

s ey e e e

PLOT RESULTS

83=3.

dhz5.2

REAB(G,430} DX N,N JHRS
200 FOR““T(FIG:“-ZIIO’ V.
HRITL{6,80«) DXNyRGHRS
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Sub - FORMAT (1d1,* TIC SEACING= %y Fid. 0,85Xs* TID

410

keg

00

[

PR R Ol L I

1 ¥ CHARACTERS=® %4162

CALL GRINUI&L422KA234A4,0X, O)yN'ktﬂihpNCHRS¢$}
CALL pR!NTU(bﬂvLiBELt"ﬂ'lOQ@)

CaLL PRINTV{(~ ~3y9HSCAN AXIS,500.,0)

GaLL ﬁPRNYV‘u1‘1“,‘909"1"75*31??!0l&ﬂﬂ) .

SALL ﬁ?LOTf‘NS'ic(l)9&“3Q*!i711§10XQ5511:RR33
Wss NG-1

D0 410 JJ=L.NSS

IXL=NKYLAG L LI

IX2=NXVIXCLII+1))

SYL=NYVANQRIM{DJY) >
I¥2=sNYVAANORIMILI+1))

CALL LIMTYIIXLIT1,IX2.XY2}

CALL APLOTVINS ,YC‘i)OVNGRH{I,'11111938eiCRR§5
NSPPA=NS -§

08 420 XK=t aiSPP
IXL=NXV(YC KK}
IXZ22HXYIYC(<Ke 1))
IYI‘NYV(VNQQ"(K‘)) . . R
1y2= NYV(VNQZN(K‘* )} . ) o
CALL LINEVS Ix1t17§;iX2’IY”

RETURN

END.

ENPHASL 22w

L N A BT B8 PR ST TR

%, 16483y -

SUBROUTINE sﬁrnixLEFr,xaisqr.vuoux,vupiox,o?.ﬁ.ﬁ,I;J,nx.uv;

ORAW And LA3EL GQIO

GAL L FPAMEU(JD

CakL XbCALV(XLEFToXRIGHTcsﬂv@3)

CALL VSCQLV(YGO“N,VUPvﬂﬁ 63}

CALL LINLV(SB;B&!BGoQﬁPI

CALL LIN-V(83198099859953)

CALL LIN{V(SUQ;9307985388)

SKi:L LIV“V(531580980785)

CACL LINRV(I'I6158398'xLEFTtXRIGﬁTVOXQqu9NX03)
CALL LINRVI23524¢88,35,YD0NN; YUPDY 9 MyJgNY,10)

CALL L1~Qv¢t»?6,973.9an.xL£"r,xxrcnr.gx.u.uyux,ob‘

CALL LINRV(2424+970:980,YD0AN,YUP+DY +H>09NY 42 0)
RITURN
IND

2

SUBROUTLING INITIL
INITIALIZE 2LOTS
CALL CaxRAVIS,9)
CALL FRAMEV(O)

CALL XAXISV{D+O}
CRLL XAXISV(GQIQZ3)
GALL YAXIS#(G,403
CALYL YAXISY{102Z3403
RALYL
RETJRN

END .
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Appendix B

INPUT FOR IMAGE ANALYSIS PROGRAM

- -

MAIN PROGRAM
¢ Card Group » Format Parameters
1 (1 card) - {6A10) © LABEL

. \ LABEL = Title of Run

m

»

2 (1 card) (F10.0) DELD

DELD = Signed axial separa-
tion between final optical
sur face vertex and the

. g image plane

: 3 (1 25xd) (110) N
§ Punched by FOLDP .

N = Total number of rays on
; : the final optical surface

5 4 (N cards) (6E13.7) X, Y, Z, X, QY. Qz
’ Punched by FOLDP :

Coordinates and direction
cosines of each ray, one ray
per card

SUBROUTINE RAPLOT

5 (1 card)} (2710.0, 2110) SCALE, DELTXY, NEMPHS, NCHRS

SCALE = Plot scale (halfwidth)

DELTXY = Plot tjc increment

NEMPHS = Tic emphasis

NCHRS = Tic label characters
(including decimal)

SUBROUTINE MTF

g 6 (1 card) (3110, 4F10.4) NEMPHS, NCHRS, NFREQ, STFREQ,
1 ' DFREQ, THETA(1), THETA(2)

\,« NEMPHS = Tics to empnaqize

7 . NCHRS = Tic label characters
% NFREQ = Number of discrete

2 frequencies

STFREQ = Starting frequency

Preceding page blank >
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Card Group

7

(1 card)

(1 card)

(1 card)

{1 card)

06 AL STl LSt R e L SR AN & IO TR G S s 2o o S RS A ‘
Format Parametqu

(110, 6F10.0, A6)

{2F10.0)

(46)

(F10.0, 2110)

60

DFREQ = Frequency increment
THETA(1l) = First scan angle

(degrees)
THETA(2) = Second scan anyle
’ (degrees)

NS 881, 882, R, YIR, XTR,
TlLT KEY

NS = Number of scan steps or
positions

881 = X aperture dimension
882 = Y aperture dimension
R = Radius of aperture

YIR = Y translate coordinate
XIR =

X translate coordinate
TILT = Axis rotation (degrees)
KEY = "CIRCLE" if circular

-~ aperture
KEY = Blank if rectangular
aperture -~

Al, A2

Al = X starting point
(smallest)

A2 = X ending point
(largest)

ORIENT

ORIENT = "ROTATE" to rotate

Y aperture
ORIENT = Blank for no rota-

tion of Y aperture

DX, N, NCHRS

DX = Tic increment

= Nth tic to be emphasized
- and labeled

NCHRS Tic label characters

.
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